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Synopsis 

The early Arenig stratigraphy of the Carmarthen district is described. It is shown that the previously 
accepted succession in the area is upside down. The Ogof Hen Formation, first recognized on Ramsey 
Island, has been identified, and is divided into the Allt Cystanog Member succeeded by the Bolahaul 
Member. The overlying Carmarthen Formation is divided into three, the Pibwr, Cwmtfrwd and Cwm 
yr Abbey Members in ascending order. From the Bolahaul Member upwards a succession of trilobite 
faunas allows biostratigraphic subdivision. The increasing depth of the ocean floor during the Arenig 
resulted in changing ecological conditions to which particular trilobites were adapted ; these are generalized 
into informal communities, the Neseuretus (inshore), Raphiophorid (intermediate, muddy substrate) 
and Olenid (deoxygenated, deeper water) respectively. The endemicity of the associated trilobites decreases 
with depth. 

The new asaphid genus Merlinia (type species M. rhyakos sp. nov.) is erected to include the contro- 
versial species M. murchisoniae (Murchison), M. selwynii (Salter) and M. major (Salter). Other new species 
are Bienvillia praecalva, Hypermecaspis venerabilis and Ampyx cetsarum. Graptolites are described for the 
first time from the early Arenig of the Carmarthen district. 

Introduction and acknowledgements 

The outcrop of Arenig rocks in Dyfed, SW Wales, extends discontinuously for some 70 miles 
(1 12 km) from Ramsey Island to near Llanarthney. Exposure is on the whole poor; the structure 
is complex and fossils are not usually abundant; thus these rocks have received only scant atten- 
tion since the Geological Survey mapped large parts of their outcrop about 70 years ago. 

Where their base is seen, these Arenig strata rest disconformably upon the Tremadoc. Strata 
erroneously assigned to this series in the St David’s region by Hicks (1873) and in the Carmarthen 
region by Crosfield & Skeat (1896) have subsequently been identified as being of Arenig age. In 
the latter area they contain a small but well-preserved trilobite fauna, and have become known as 
the '‘Peltura punctata Beds’. They have hitherto been regarded as the oldest sediments in the 
Carmarthen region (e.g. Strahan et al. 1907, 1909). One of us (Fortey 1974b : 72) noted the close 
similarity of P. punctata to olenids of Arenig age from Spitsbergen; with this apparent tie to a 
well-documented succession, and because of the abundance and good preservation of the fauna, 
we decided to investigate the Peltura punctata Beds and adjacent strata in the neighbourhood of 
Carmarthen to see if it was possible to map and work out the succession in greater detail than has 
been attempted before. We spent two field seasons in the area during 1974 and 1975, and intensive 
collecting and logging of the sections has greatly enlarged the faunas and has enabled us to revise 
and refine the stratigraphy. 

Detailed mapping has not proved possible except in a few localities, and all of the better and 
more complete sections are to be found in stream exposures. We have, however, been able to 
revise the old Geological Survey maps, and to present new generalized maps of parts of the area 
between Carmarthen and Llanarthney. 
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Historical survey 

Fossils have long been known from the Carmarthen district. Arenig trilobites from Pensarn and 
Mount Pleasant (now Penbryn) were sufficiently conspicuous to be associated with old local 
legends concerning the magician Merlin, and pygidia were said to represent ‘petrified butterflies’ 
(Symonds 1872 : 79). The earliest scientific descriptions of the Arenig rocks and fossils were by 
Murchison (1839) in his Silurian System\ here trilobites and brachiopods from Pensarn were 
described and figured, and the area is included on the geological map (the first to depict this area) 
and on one of the sections (pi. 34, fig. 9). Strata now known to be Arenig were represented as 
Caradoc, Llandeilo and ‘Upper Cambrian (beds of passage)’, the latter described (1839 : 361) as 
quarried at Gallicistaniog (i.e. Allt Cystanog). 

The first Geological Survey maps of the area (one-inch sheet 41 SW), based on the original 
survey of de la Beche, were published in 1845; additional lines in the Lower Palaeozoic, mapped 
by Aveline in 1855-56, were incorporated on the 1857 edition. On these maps the area was 
coloured as Lower Silurian Llandeilo flags, limestones and conglomerates. At about this time 
Salter (1864a) and Davidson (1869) refigured Murchison’s species of trilobites and brachiopods 
from Pensarn in their Palaeontographical Society monographs. In 1896 Crosfield & Skeat pub- 
lished the first detailed account of the area immediately around Carmarthen, and described further 
fossils - the first from outside the Pensarn-Mount Pleasant area. They considered a group of dark 
mudstones with an abundant trilobite fauna to be of Tremadoc age - mainly because they 
believed (1896; 532) that the common olenid trilobites were ‘typical Cambrian genera’; the less 
common asaphids (referred to "Ogygid') were believed to be ‘characteristically Ordovician’. 
They concluded: ‘This mixture of Cambrian and Ordovician forms indicates the position of 
these beds in the stratigraphical succession, and enables us to correlate them with the Tremadoc 
Series of North Wales and with the Shineton Shales of Shropshire.’ They further suggested 
correlation with Stage 3a {Ceratopyge Series, Tremadoc) of southern Norway. They correctly 
assigned the strata they considered to overlie these mudstones to the Arenig (the first identifica- 
tion of Arenig rocks in the area) and, based on misidentification of the brachiopods and tri- 
lobites, believed that the grits and subordinate shales of the Bolahaul-Allt Cystanog anticlinal 
area were of ‘Bala’ age. 

At the turn of the century, the entire area was remapped on a scale of six inches to the mile 
by the Geological Survey, with the resultant six and one inch sheets published by 1909; memoirs 
descriptive of the Ammanford (230) and Carmarthen (229) one-inch sheets were published 
(Strahan et aL) in 1907 and 1909 respectively. The term 'Peltura punctata Beds’ was first employed 
for Crosfield & Skeat’s ‘Tremadoc Slates’ in the Ammanford memoir (Thomas in Strahan et aL 
1907 : 6); they were still included in the Tremadoc and were said to form ‘a more or less perfect 
passage into the overlying Arenig rocks’. In the same memoir he also introduced the term '‘Ogygia 
marginata Beds’ for the Arenig strata; however, in a footnote (1907 : 7) he stated that specimens 
of O. marginata had been submitted to Lake who considered that this species was a synonym of 
O. selwynii. It is presumably for this reason that Cantrill & Thomas {in Strahan et aL 1909) did not 
use the name in the Carmarthen memoir, where the entire Arenig is grouped in the Tetragraptus 
Shales. The name ^Ogygia marginata Beds’ was resuscitated by Stubblefield {in Smith 1933 : 374), 
and is used in the Geological Society of London Ordovician correlation chart (Williams et aL 
1972). 
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Stubblefield {in Smith 1933 : 374), having re-examined the fauna of the "Peltura punctata Beds’, 
concluded that they were of Arenig age, rather than Tremadoc; following earlier workers, he 
believed them to be the oldest strata at Carmarthen. 

The stratigraphical term ‘Allt Cystanog Grits’ was introduced somewhat cryptically by Jones 
(1938 : Ixxiii) in the statement . . between Carmarthen and Llandeilo, the Allt Cystanog Grits 
are typical greywackes alternating with dark shales’. There has since been no reference to these 
beds save a brief mention by Bassett (1963 : 47). 

In the present century, several of the Arenig trilobites have been redescribed or referred to in a 
number of works -e.g. Lake (1913, 1919), Stubblefield in Smith (1933), Henningsmoen (1957), 
Whittard (1964), Whittington (1966), Bates (1969b) and Fortey (1974b). In addition, Bates 
(1969b) has refigured some of the brachiopods. 
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Fig. 1. The main interpretations of the early Ordovician (Arenig) succession in the Carmarthen 

district. 



Stratigraphy 

The succession in the early Ordovician of the Carmarthen district is completely revised in this 
work. Fig. 1 shows the views of the succession around Carmarthen adopted by the various authors 
concerned with the Arenig of the area since the end of the last century. The 'Peltura punctata 
Beds’ were supposedly followed by the Tetragraptus Beds, including at least in their lower part 
the ^Ogygia marginata Beds’. Thomas in Strahan et aL (1909 : 5) emphasized that there was a 
continuous passage between the supposedly Tremadoc ^Peltura punctata Beds’ and the Arenig, 
and Crosfield & Skeat (1896 : 526) further noted that their Arenig Beds could be found to ‘pass 
under the older Tremadoc Beds’, that is the 'Ogygia marginata Beds’ could be found underlying 
the ^Peltura punctata Beds’ which they attributed to inversion of the succession. 

Our interpretation is that the succession is regionally normal, and that the previously accepted 
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Fig. 2. Generalized map of the region SE of Carmarthen, showing the approximate areas of outcrop of Arenig formations and members 

described in this paper. 
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view of the succession is upside down. The ‘Peltura punctata beds’ are the youngest deposits dealt 
with in the present work, and pass upwards without a break into the Tetragraptus Beds; the 
'Ogygia marginata Beds’ everywhere underlie the shales bearing olenid trilobites. The oldest 
Arenig rocks in the area are lithologically and faunally comparable with the basal Arenig rocks 
of Ramsey Island (Bates 1969b), and are given the same formation name. They overlie Tremadoc 
rocks in the Bolahaul-Allt Cystanog anticline. The contact of the Arenig with the Tremadoc 
is nowhere exposed, but there is nothing to suggest angular unconformity, and the younger strata 
probably lie disconformably upon the Tremadoc. 

The proposed order of the succession is consistent with the development of the Arenig else- 
where in south Wales where exposure is more complete, and with the structural framework of the 
area. The main outlines of the structure were deduced by the Geological Survey: the early Arenig 
rocks are brought to the surface in the cores of anticlines trending approximately east-west and 
arranged en echelon, the most important of which are those to the east of Carmarthen in the 
Bolahaul-Allt Cystanog area (Fig. 2). A second minor anticline may be present at Capel Dewi, 
and there is a third to the east of the Polin (New Lodge Inn) which includes in its core the best 
exposure of the Cwm yr Abbey Member (Fig. 3). The northern limb of the Bolahaul-Allt Cystanog 
anticlinal area is faulted with the down-throw to the north, the southern limb slightly overturned; 
major dip faults have associated baryte and galena mineralization. The true complexity of the 
folding is only shown on stream sections (Figs 4, 5), and is on too fine a scale to be represented 
on the generalized large maps. Independent evidence of the facing direction of individual sections 
is provided by grading in the turbidite units in the middle part of the Carmarthen Formation 
(Cwmffrwd Member) and within the Tetragraptus Beds. Grading in the former is well shown in 
Nant Cwmlfrwd and in Allt Pen-y-Coed dingle, in the latter in Cwm yr Abbey; in all cases the 
way up of the beds is in agreement with the present view of the succession. The sequence of 
trilobites supports the same interpretation, the only important change being the acceptance of 
the olenid fauna of the former "Peltura punctata Beds’ as being younger than the early Arenig. 
Since diverse olenid faunas are now known from Spitsbergen (Fortey 1974b) through much of 
the Arenig, the interpretation of the ‘P. punctata Beds’ as of Arenig age seems more probable 
today than it would have done to Crosfield & Skeat. 

Division of the Carmarthen rocks described here into formal lithostratigraphic units is necessary 
for mapping their outcrop and accurately localizing the fossils. These divisions are as follows: 



Carmarthen Formation-* 



Ogof Hen Formation 



'3. Cwm yr Abbey Member {^Peltura punctata Beds’ pars) 
2. Cwmffrwd Member {^Peltura punctata Beds’ pars) 

. 1. Pibwr Member i^Ogygia marginata Beds’) 

2. Bolahaul Member 
1. Allt Cystanog Member 



Of these, all but the Ogof Hen Formation are new, and their lithological characters are described 
below. The underlying Tremadoc rocks are only well exposed adjacent to the main Carmarthen- 
Swansea (A48) road south-east of Login School; there they consist of at least 60 m of fine mica- 
ceous sandstones and siltstones with interbedded green shales and occasional conglomeratic beds, 
with sporadic Lingulella on some bedding surfaces. The more resistant beds of the Tremadoc 
probably crop out elsewhere over the Bolahaul-Allt Cystanog anticline area, but exposure here 
is generally so poor that they cannot be distinguished with confidence from the lower part of the 
Allt Cystanog Member of the Ogof Hen Formation. 

The upper limit of this study is taken at the base of the Tetragraptus Beds. These beds are 
grey, highly fissile graptolitic shales identical to their type development on the coast near St 
David’s. They can be seen to pass downwards into the Cwm yr Abbey Member {‘Peltura punctata 
Beds’) at several sections, notably in Cwm yr Abbey, and in the stream west of the Polin, south of 
Nantgaredig. The Tetragraptus Beds will be the subject of a future paper. 

A summary follows of the lithostratigraphic subdivisions employed in this paper, proceeding 
from the local base of the Ordovician upwards. Because of the intense folding that affects many 
of the shale and mudstone units, sections of these parts of the succession are composite, and the 
thicknesses given inevitably minima. 




UOUBUJJOj 

uaiiiJBUjJBo 




c 

o 



a 

. 2 ? 

'S 

< 

o 



Fig. 3. Generalized map of the area between Nantgaredig and Llanarthney, showing approximate areas of outcrop 

and members described in this paper. 




Fig. 4. Outcrops of Arenig rocks in Nant Cwmffrwd, Nant y Glasdwr and at Gian Pibwr. 
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Ogof Hen Formation 

The term Ogof Hen Formation was proposed by Bates (1969b : 4) for the lowest Arenig as devel- 
oped on Ramsey Island, including therein the Forth Gain Beds and Abercastle Beds of earlier 
authors. The basal beds in the Carmarthen region compare closely with those to the west, and 
there is no reason to employ a different formational name. 



1. AUt Cystanog Member 

The term Allt Cystanog Member is introduced here for the unfossiliferous conglomerates, sand- 
stones and siltstones at the base of the Ordovician succession. It is a modification of ‘Allt Cystanog 
Grits’ employed by Jones (1938 : Ixxiii) to describe coarse Arenig clastic deposits exposed SE of 
Carmarthen, and it is an appropriate name as the beds in question are exposed in many places in 
the Bolahaul-Allt Cystanog anticlinal region. The contact with the Tremadoc is nowhere 
exposed, although Tremadoc and Arenig rocks cannot be separated by more than a few tens 
of metres near Login. The fullest exposure of the Allt Cystanog Member and an appropriate 
type section is on the western side of a disused quarry immediately south of the Carmarthen- 
Swansea (A48) road, 100 m east of its junction with the Carmarthen-Llandeilo road. 25 m of 
strata are exposed here, the lower 10 m massive conglomerates (in units greater than I m) with 
rounded quartz clasts in a siliceous matrix, interbedded with 10-15 cm units of finely bedded, 
yellow silty shales. Isolated outcrops similar to the massive beds are frequent in the fields in the 
Bolahaul-Allt Cystanog area, but from the varied attitudes of the beds it is likely that the sequence 
is repeated. The grits become progressively finer upwards, the finer-bedded silty units increasing 
at the expense of the coarser beds. The characteristic rock type of the upper 10 m is a fine mica- 
ceous sandstone 1-5 cm thick, with crowded ripple drift laminations a few millimetres apart at 
most, outlined by dark argillaceous films. The lithology resembles no other in the Arenig above 
or the Tremadoc below, and is widely traceable. These beds are exposed in several places on the 
small scarp running eastwards behind Star Cottage on the northern limb of the Bolahaul-Allt 
Cystanog anticline, on the southern limb in the hillsides behind Bolahaul Farm, south of the 
Carmarthen-Swansea road at Login crossroads, and in small quarries over the crest of the anti- 
cline. 

Similar lithologies are present in the lower part of the Ogof Hen Formation at its type locality 
(Bates 1969b : fig. 1 ; pi. 1), and as at that locality there are no fossils except for numerous straight 
or sinuous ‘worm’ tracks on some bedding planes. The uppermost 2-3 m of the Member become 
progressively argillaceous, transitional in character with the Bolahaul Member. 



2. Bolahaul Member 

The term Bolahaul Member is introduced here for the series of micaceous mudstones and shales 
succeeding the Allt Cystanog Member. The base of the Member is well exposed in the quarry 
east of Bolahaul (loc. 7, Fig. 2), where the succession is just inverted on the southern limb of the 
Bolahaul-Allt Cystanog anticline, and is taken at the first mudstone horizon. The contact is 
also exposed on the northern limb behind Star Cottage (where the beds are normal) and at the 
eastern limit of the anticline adjacent to the Carmarthen-Llandeilo road. At Bolahaul quarry 
some 10 m of micaceous, slightly cleaved mudstones are exposed, which at about 3 m from their 
base yield the first fossils - echinoderm fragments, strongly ribbed brachiopods including 
Lenorthis alata (Sowerby), and the inarticulate brachiopod Monobolina plumbea (Salter), which 
has recently been redescribed by Williams (1974). A few obscure fragments of asaphid trilobites 
also occur, but trilobites are more numerous in the higher beds, which become progressively more 
shaly and are in places highly cleaved. These higher shales are not well exposed but can be seen 
in the lane behind Star Cottage (loc. 8), where they were originally identified by Murchison 
(1839); the Survey had additional localities, now built upon, about 500 m to the northeast of 
Pensarn (Fig. 2). The trilobites Merlinia murchisoniae (Murchison) and Neseuretus parvifrons 
(M’Coy) are common, the latter confined to this Member, together with gastropods and rare 
bivalves (? Lyrodesma sp.). The thickness of the shaly part of the Member is not known, but 
exceeds 50 m, exposed on the Roman Road section. The fauna of this Member, as noted by Bates 
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(1969b : 8), is identical to that of the upper part of the Ogof Hen Formation, and their correlation 
is not in doubt. 

Carmarthen Formation 

The term Carmarthen Formation is proposed to include the distinctive early Arenig mudstones 
and shales overlying the Ogof Hen Formation, and including the "Ogygia marginata Beds’ and 
'Peltura punctata Beds’ of earlier authors. It is widely exposed in the neighbourhood of Carmar- 
then, but is generally much folded and faulted, and the exposure, particularly of the Pibwr 
Member, is therefore incomplete. The Formation falls naturally into three lithological divisions, 
here called Members, the younger two of which are equivalent to the 'Peltura punctata Beds’ of 
earlier authors. These beds are succeeded by grey shales of the Tetragraptus Beds. The Carmarthen 
Formation is absent, or has not yet been recognized, to the west at Whitland and beyond. As 
discussed below, the facies development of the Carmarthen Formation is not known elsewhere in 
the Arenig of Wales, and it seems possible, as indicated by Cantrill & Thomas in Strahan et al 
(1909 : 10), that it represents a facies equivalent of the Tetragraptus Beds to the west. This carries 
with it the implication that the Tetragraptus Beds in the Carmarthen region are equivalent only 
to the upper part of that unit to the west. 

1 . Pibwr Member 

The base of the Pibwr Member is drawn at the lowest beds exposed in the lane leading past Gian 
Pibwr Cottage (loc. IB). The beds at this locality, and others now mapped as the Pibwr Member, 
have been termed "Ogygia marginata Beds’ by previous authors. The Member occupies the broad, 
low-lying tract of land flanking the Pibwr Valley, and its exposure is correspondingly incomplete. 
Being relatively incompetent and lacking grit beds the Pibwr Member has been repeatedly folded. 
The lack of exposure is unfortunate as the Member contains particularly well preserved fossils at 
some localities. Only the lowest 5-6 m are shales transitional in character with the upper part of 
the Bolahaul Member below; they have yielded Myttonia cf. fearnsidesi Whittington and Phyllo- 
graptus densus Tdrnquist, neither of which has been recovered elsewhere in the section. Above 
lie a monotonous series of mudstones, black, well-bedded (5-1 5 cm) and remarkably reluctant 
to split when fresh, weathering to show an iridescent dark purplish or umber surface film. These 
mudstones are characterized by an abundance of asaphid trilobites (dominant Merlinia selwynii 
with subordinate M, murchisoniae) and bivalves Actinodontd" aff. naranjoana and nuculoids), 
locally numerous raphiophorids {Ampyx cetsarum sp. nov.) and occasional ‘ghosts’ of trinucleids. 
At a few localities the trilobites and bivalves are preserved in relief, but flattening is the rule. 
Although the Pibwr Member is exposed at a number of localities it is not possible to measure 
more than a few tens of metres without repetition, so the total thickness is not known; it probably 
greatly exceeds our minimum estimate of 80 m. The upper part of the Member is well exposed 
on the lower reaches of Allt Pen-y-Coed dingle where the asaphids are accompanied by rare 
olenid trilobites (Bienvillia praecalva sp. nov.) for the first time, and bivalves become progres- 
sively rarer as the Cwmffrwd Member is approached. It should be noted here that several of the 
localities mapped or recorded by the Survey as exposing "Ogygia marginata Beds’ yield a different 
asaphid and are younger than the Carmarthen Formation: these include outcrops adjacent to 
the Carmarthen-Llandeilo (B4300) road on Cwm yr Abbey, and in Cwm Ffinnant to the east. 

2. Cwmffrwd Member 

The term Cwmffrwd Member is proposed here for the thick turbidite/shale sequence overlying 
the Pibwr Member. The base of the member is taken at the first turbidite unit exposed in Allt 
Pen-y-Coed (Fig. 5). The beds here assigned to it have been previously regarded as part of the 
"Peltura punctata Beds’, based on the erroneous identification of Bienvillia praecalva sp. nov. with 
P. punctata, Faunally the Cwmffrwd Member grades into the upper part of the Pibwr Member, 
but bivalves are very rare, and the olenids outnumber asaphids {Merlinia rhyakos gen. et sp. nov.). 
The most complete section is in Allt Pen-y-Coed, but the Member is more accessible in Nant 
Cwmffrwd, where it is displayed in a series of gentle folds beneath and immediately to the north 
of the unconformity with the Old Red Sandstone. The turbidite units vary from a few cm thick to 
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Fig. 5. Outcrops of Arenig rocks in Allt Pen-y-Coed and Cwm yr Abbey. 



over 1 m, generally separated by an equal or slightly greater thickness of black mudstones or 
shales; the Member is about 70 m thick. The turbidites are generally well graded, with quartz 
and feldspar clasts in a dark siliceous matrix. Towards the mid-part of the Member the turbidites 
greatly increase in thickness at the expense of the intervening shales; the 2 m thick graded units 
in this part of the section include feature-forming conglomeratic beds. Fossils are confined to the 
interbedded argillaceous rocks and are usually flattened. Pyritic ‘ghosts’ of trilobites are frequent. 
When poorly preserved, cranidia of Bienvillia praecalva sp. nov. are easily confused with those of 
Porterfieldia punctata (Crosfield & Skeat); discovery of the spinose free cheeks of the former 
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supplies a simple method of discriminating the two species in the field. The Cwmffrwd Member is 
also exposed on the lower part of the Nant y Glasdwr SW of Nant-y-glasdwr-fach, and in the 
upper parts of Cwm yr Abbey. Faunally it grades upwards into the Cwm yr Abbey Member, the 
first appearance of P. punctata being within the upper Cwmffrwd Member; the division is taken 
at the last turbidite bed. 

3. Cwm yr Abbey Member 

The term Cwm yr Abbey Member is introduced here for the mudstones overlying the Cwmffrwd 
turbidite beds, equivalent to part of the "Peltura punctata Beds’. Like the Pibwr Member it is a 
recessive unit, usually incompletely exposed, and much folded. Its minimum thickness is 45 m. 
The typical lithology is a grey mudstone, bedded, but poorly so, fracturing irregularly and often 
as a result splitting through fossils on fresher surfaces. Weathered surfaces are brown to och- 
reous, generally without the iridescence of the Pibwr Member mudstones. The exposure on Nant 
y Glasdwr above the bridge opposite the house Gwyniondale - where the stream follows the strike 
of the beds - is the most accessible for collecting, and it was from here that Crosfield & Skeat 
(1896) obtained most of their material from the "Peltura punctata Beds’, but only a few metres 
are exposed here. A better section is afforded by the stream cutting in Cwm yr Abbey, from which 
the Member is named, and which is an appropriate type section (Fig. 5). Parts of the section are 
repeated several times by folding and faulting at this locality. The upper part of the Member is 
well exposed upstream from the bridge, where the beds are progressively more shaly, conspicu- 
ously micaceous, ultimately passing upwards into grey, fissile shales of the Tetragraptus Beds. 
Throughout the Cwm yr Abbey Member Porterfieldia punctata is an abundant and characteristic 
trilobite, with many articulated exoskeletons, rarely accompanied by Merlinia rhyakos gen. et 
sp. nov. Graptolites {Callograptus and Palaeodictyota) reappear high in this Member, accompanied 
by other elements, such as cyclopygid trilobites, typical of the ‘open sea’ environment developed 
in the Tetragraptus Beds. A convenient local lithological base for the latter in the Carmarthen 
district is provided by the reappearance of turbidites in the succession, well-exposed in the lower 
part of Cwm yr Abbey, and in several localities near the Polin (New Lodge Inn), south of Nant- 
garedig (loc. 14). P. punctata continues into the lower 10 m or so of these ‘transition beds’, but is 
soon replaced by a new fauna outside the scope of the present work. 

Correlation 

The ‘basal’ Arenig fauna of the Ogof Hen Formation is widespread across Wales and extends 
into Shropshire. It is a transgressive fauna (Bates 1969a : 155), and some of the species appear to 
have long stratigraphic ranges (Neseuretus parvifrons, for example, is found throughout the 
Mytton Flags in Shropshire - Whittard 1966 : 300), in which circumstances exact contemporaneity 
is difficult to establish. In view of the faunal and lithological similarity of the Ogof Hen Formation 
in Pembrokeshire and in the Carmarthen region age equivalence is likely (Bates 1969b: 8). 
Whittard has demonstrated that the trinucleid trilobites have more restricted stratigraphic ranges 
than some other groups in the Mytton Flags (Dean 1967 : 308). It is significant therefore that 
Myttonia cf. fearnsidesi is found at the base of the Pibwr Member. This species is found in the 
Henllan Ash at Arenig (Whittington 1966), where it is associated with Merlinia murchisoniae and 
Neseuretus spp. The Henllan Ash might therefore correlate with the Bolahaul or the lower part 
of the Pibwr Member, or both. 

We discuss below the facies development of the Carmarthen Formation; here it is noted that 
the fauna differs from all other Arenig faunas in Wales in the dominance of Olenidae in the 
Cwmffrwd and Cwm yr Abbey Members. For this reason the fauna of that part of the succession 
compares most closely with the Arenig of Spitsbergen (Fortey 1974b), where the olenid environ- 
ment is also well developed in post-Tremadocian strata. The fact that Porterfieldia punctata 
succeeds Bienvillia praecalva is of biostratigraphic importance within the Carmarthen Formation. 
So is the succession of Merlinia species, as follows: 

Cwm yr Abbey Member M. rhyakos sp. nov. 

Cwmffrwd Member M. rhyakos sp. nov. and M. selwynii (Salter) - (‘late’ forms) 
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Pibwr Member M, selwynii (Salter) - upper 

M. murchisoniae (Murchison) and M. selwynii ~ lower 
Bolahaul Member M. murchisoniae (Murchison) 

(Ogof Hen Formation) 

The olenid and asaphid trilobites of the early Arenig of the Carmarthen district thus show a 
minimum of three successive faunas. A fourth fauna remains to be described from the overlying 
Tetragraptus Beds. According to the Survey (Thomas in Strahan et al. 1909: 16) the hirundo 
Zone as recognized by Elies (1904: 210) occurs in the graptolitic Tetragraptus Beds assuredly 
overlying the Carmarthen Formation, so the Carmarthen and Ogof Hen Formations are together 
included within the old extensus Zone of Elies & Wood (1895). As indicated above (p. 234) 
graptolitic equivalents of the Carmarthen Formation probably occur to the west. Skevington 
(1969 : 168) states that the Llyfnant Flags underlying the Henllan Ash in Arenig belong to the 
deflexus (sub)zone, which is therefore the probable age of the Bolahaul Member. 

Biostratigraphical subdivision of the Arenig rocks of south Wales on the basis of shelly faunas 
will no doubt prove a possibility, of which the sequence of species in the Carmarthen area is a 
first indication. The redescription of the Tetragraptus Beds, and their palaeontological subdivision, 
are a necessary prerequisite to the definition of any formal biostratigraphic units. 



Environmental interpretation of the early Arenig of the Carmarthen district 

The base of the Ogof Hen Formation is transgressive, terminating the period of uplift that 
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Fig. 6. Summary of stratigraphic distribution of trilobites in the early Arenig of the Carmarthen 

district. 
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accounts for absence of Tremadoc rocks in the extreme SW of Wales. The subsequent Arenig 
history is one of progressive deepening of the geosyncline, and it is a response to this deepening 
which produces the faunal changes recorded in this paper. 

The Allt Cystanog Member shows a change from coarse conglomerates at its base to fine sand- 
stones and siltstones showing fine-scale slumping and ripple drift lamination, which indicate that 
it was deposited in an intertidal environment. Although body fossils are not present, ‘worm’ 
burrows are numerous on certain bedding planes, and these are the only trace fossils found in the 
Arenig of the area. The Allt Cystanog Member passes up into the progressively more shaly 
Bolahaul Member and with the passage the shelly fauna appears, at first only the coarse-ribbed 
brachiopod Lenorthis alata and echinoderm fragments. These are joined in higher beds by a 
Neseuretus-Merlinia trilobite assemblage. It has long been recognized that this fauna represents 
a shallow-water, inshore community accompanying the invading Arenig seas (Stubblefield 
1939 : 52; Bates 1969b : 155). We here term it the Neseuretus Community after its most charac- 
teristic trilobite. 

With upward passage into the Pibwr Member of the Carmarthen Formation, Neseuretus 
disappears, and the asaphid Merlinia selwynii (Salter) dominates the fauna, but the deeper water 
also allows the appearance of numerous raphiophorids {Ampyx cetsarum) and rare trinucleids 
{Myttonia cf. fearnsidesi). The bivalve "Actinodonta" is a characteristic new addition to the fauna; 
articulate brachiopods are absent, and inarticulates rare except for occasional larvae. The bivalve 
is an infaunal form (N. J. Morris, personal comm.), and its general occurrence through the black 
mudstones of the Pibwr Member indicates that the sediment was originally soft, this feature 
presumably accounting for the absence of surface-living sessile benthos such as articulate brachio- 
pods and echinoids of Ogof Hen type, which require a firm substrate. The trilobites are generally 
of low convexity with a high ventral surface area/volume ratio {Merlinia)^ or with long genal 
spines {Ampyx\ or both genal spines and a well-developed peripherally flattened fringe {Myt- 
tonia), all of which may be regarded as adaptations for support on soft sediment surfaces. There 
is no doubt that this assemblage of species represents a once-living community, because of the 
large number of articulated specimens, some representing moulted arrangements of parts, and the 
presence of early asaphid growth stages (Fortey 1975a). It is appropriately named the Raphio- 
phorid Community, as members of that family are confined to it. 

Towards the top of the Pibwr Member the first olenids (Bienvillia praecalva sp. nov.) appear, 
though rarely, with the Raphiophorid Community, but upwards into the Cwmffrwd Member 
they become dominant, raphiophorids and trinucleids disappear, and asaphids {Merlinia rhyakos) 
comprise a smaller proportion of the fauna, until in the Cwm yr Abbey Member they are generally 
rare. Throughout the Cwmffrwd and Cwm yr Abbey Members the fauna is an autochthonous 
Olenid Community. The conditions under which olenids abounded has been extensively discussed 
by Henningsmoen (1957 : 61-65) for the Upper Cambrian and Tremadoc and by Fortey (1975a : 
338) for the Ordovician (Arenig-Llanvirn). Olenids were specially adapted to oxygen-impoverished 
environments, their dominance being associated with virtual disappearance of all other benthic 
animals (the infaunal bivalves so plentiful in the Pibwr Member are absent higher in the succes- 
sion). Fortey (1975a: 338) indicated that in the Ordovician the olenid environment was also a 
relatively deep-water one, perhaps corresponding to the oxygen-minimum layer in present oceans, 
but the evidence for depth is indirect. In the Carmarthen succession the indirect evidence of a 
relatively deep-water site for the deoxygenated olenid environment is as follows: 

(i) The olenid fauna is never found adjacent to the shallow-water Neseuretus Community 
either stratigraphically or palaeogeographically ; the Neseuretus-Raphiophorid-Olenid Com- 
munities form an intergrading series in that order. In the transgressive context an environmental 
gradient induced by increasing depth is both the simplest and most plausible explanation for the 
faunal changes. It is interesting to note that we have a single example of a Lenorthis from the 
Cwm yr Abbey Member, probably an allochthonous specimen transported downslope, but no 
contrary examples of olenids in the Neseuretus Community. 

(ii) The Cwmffrwd Member has turbiditic horizons, providing positive evidence for the exist- 
ence of a palaeoslope. While the depth at which turbidites may be emplaced is variable, it is 
significant that they are not found in rocks containing either the Raphiophorid or Neseuretus 
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communities, but that they are characteristic of the graptolitic latest Arenig and Llanvirn sedi- 
ments succeeding the Carmarthen Formation. 

We disagree with Bergstrom’s (1973 : 45-46) contention that olenids were pelagic. A pelagic 
habit is unlikely because of the strict facies dependence of the Olenidae, indicating that their 
life habits were closely tied to bottom or near-bottom conditions. Also they exhibit a mutually 
exclusive relationship with the benthic trilobites of the Raphiophorid and Neseuretus Communities, 
as well as the Nileid and lllaenid-Cheirurid Communities in Spitsbergen (Fortey 1975a : 336). A 
pelagic trilobite is independent of benthic assemblage types (vide Carolinites Fortey 1975a : 343; 
Opipeuter Fortey 1974a: 123; Microparia this paper, p. 256). Furthermore, the morphology of 
the large flattened olenid Hypermecaspis venerabilis sp. nov. is surely typical of a benthic animal. 
Both this morphological type and the more convex, Bienvillia-iype of morphology may be inter- 
preted as adaptations to cope with life on muddy sediments deoxygenated at, or just below, the 
sediment surface (Fortey 1974b : 11). Finally, Childress (1971) has shown that the Recent mysid 
Gnathophausia ingens can cope with minimum oxygen conditions because of an increase in the 
surface area of its oxygen-absorbing surfaces. Many Olenidae, such as Hypermecaspis herein, 
and a number of other forms of other families convergent with Olenidae (Fortey & Owens 
1975 : 237), have wide (trans.) thoracic pleurae and a large number of thoracic segments, which is 
consistent with both lateral extension and multiplication of gill lamellae, and hence more efficient 
oxygen absorption. In short both morphology and occurrence of Ordovician olenids suggest 
benthic habits, and much of the same evidence can be applied to the Cambrian representatives 
of the family. However, there are a few Cambrian olenid genera, especially Sphaerophthalmus 
(Rushton 1968 : text-fig. 2), which differ radically in organization from the typical olenid, and it 
is among these that pelagic species may exist. 

Palaeogeographic reconstruction 

A palaeogeographic model which accounts for the distribution of the trilobite community types 
described here is presented in Fig. 7. Their occurrence is related to a continent-edge profile, 
extending from the shallow water Neseuretus Community through the Raphiophorid Community 
to the oxygen-deficient, and, by inference, deeper water Olenid Community. A broadly similar 




Fig. 7. Hypothetical section across Arenig continental margins, showing relation of community 

types to dispersal of species. 
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interpretation for the younger Ordovician was presented by Elies (1940). There is an obvious 
analogy to the profile proposed within the Bathyurid province by Fortey (1975a : 340) based on 
a succession of similar age in Spitsbergen. World maps for the early Ordovician (Smith, Briden 
& Drewry 1973; Whittington & Hughes 1972) indicate an equatorial position for Spitsbergen 
and the Bathyurid province, and a subpolar position for Wales (as part of the Selenopeltis province). 
Separation of the two areas by the lapetus ocean (formerly referred to as the proto- Atlantic), 
with the corresponding shift in latitude, induced separate speciation, reflected eventually in 
different generic or even familial composition of trilobite faunas (Whittington & Hughes 1972 : 
236). Fortey (1975a : 348) showed that this distribution pattern may be modified by the influence 
of the ecological circumstances producing different natural assemblages of trilobites - community 
types in a limited sense. In particular, genera inhabiting deeper water were proposed to be more 
or less independent of the surface temperature conditions and to include a larger number of 
province-independent forms. 

In the Arenig of the Carmarthen district it is interesting to note that of the Olenidae, 
Hypermecaspis is now recorded from Spitsbergen, Nevada and Newfoundland (Bathyurid 
province), Bolivia and Argentina (Asaphopsis province) and Wales (Selenopeltis province); a 
closely related genus (Tropidopyge) is found in Norway (Asaphid province). That is, the Carmar- 
then Arenig shows connections with all four of the faunal provinces of the early Ordovician. 
Bienvillia, as understood here (p, 249), is similarly widespread. PorterfieUlia occurs in Argentina 
(Asaphopsis province), Wales (Selenopeltis province) and North America (Bathyurid province). 
This provides strong support for the notion that the distribution of the olenid environment and 
the trilobites adapted to it as independent of provincial differences. 

By contrast the genera Neseuretus and Merlinia are not present in either the Bathyurid or 
Asaphid provinces, although both extend into the Asaphopsis province (Harrington & Leanza 
1957). The species of Merlinia in the Olenid Community is closest to that from slightly younger 
beds in South America. Of the genera of the Raphiophorid Community, Ampyx occurs in the early 
Ordovician of the Bathyurid and Asaphid provinces, as well as being widespread in the Seleno- 
peltis province. Myttonia is confined to the Selenopeltis province. The evidence is limited, because 
only a few genera are present in the faunas of Carmarthenshire, but is consistent with the proposi- 
tion of decreasing endemicity with depth. 



Fossil localities 

The following list is of localities referred to in the text and on the maps (Figs 2-5). 

1. Gian Pibwr (Pibwr Member) 

lA. 77 m at 229° from Gian Pibwr Cottage (SN 4162 1794). 

IB. 18 m at 160° from Gian Pibwr Cottage (SN 4169 1798). 

IC. 156 m at 1 17° from Gian Pibwr Cottage (SN 4183 1795). 

ID. 197 m at 101° from Gian Pibwr Cottage (SN4187 1795). 

2. Nant Cwmffrwd (Cwmffrwd Member) 

2A. 100 m at 314° from bridge at S end of Cwmffrwd (SN 4224 1745). 

2B. 130 m at 315° from bridge at S end of Cwmffrwd (SN 4222 1747). 

2C. 167 m at 308° from bridge at S end of Cwmffrwd (SN 4218 1748). 

2D. 183 m at 313° from bridge at S end of Cwmffrwd (SN 4218 1750). 

3. Nant y Glasdwr (Cwm yr Abbey and Cwmffrwd Members) 

3A. Strike section, 326-360 m at 74° from bridge at S end of Cwmffrwd (SN 4263 1746 - SN 
4266 1747). 

3B. 254 m at 66° from bridge at S end of Cwmffrwd (SN 4254 1748). 

3C. 197 m at 39° from bridge at S end of Cwmffrwd (SN 4244 1753). 

3D. 195 m at 34° from bridge at S end of Cwmffrwd (SN 4242 1754). 

3E. 198 m at 23° from bridge at S end of Cwmffrwd (SN 4239 1756). 

3F. 197 m at 22° from bridge at S end of Cwmffrwd (SN 4238 1756). 

4. Pibwr weir (Pibwr Member) 

4. 300 m at 174° from Cilwaunydd (SN 4289 1805). 
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5. Allt Pen-y-Coed (upper part of Pibwr Member and Cwmffrwd Member) 

5A. 530 m at 165° from Pont Pibwr (SN 4444 1805). 

5B. 525 m at 166° from Pont Pibwr (SN 4443 1805). 

5C. 520 m at 167° from Pont Pibwr (SN 4442 1806). 

5D. 500 m at 171° from Pont Pibwr (SN 4438 1808). 

5E. 455 m at 172° from Pont Pibwr (SN 4436 1812). 

5F. 442 m at 177° from Pont Pibwr (SN 4435 1813). 

5G. 430 m at 177° from Pont Pibwr (SN 4433 1815). 

5H. 350 m at 188° from Pont Pibwr (SN 4426 1823). 

6. Roman Road, Pensarn (Bolahaul Member) 

6A. Exposure opposite cottage, N side of road, 45 m at 1 12° from chapel at Pensarn (SN 41 33 1918). 
6B. S side of road, 75 m at 126° from chapel at Pensarn (SN 4136 1915). 

7. Bolahaul Quarry (Bolahaul Member) 

7. 245 m at 88° from E end of Bolahaul Farm (SN 4235 1844). 

8. Star Cottage (Bolahaul Member) 

8A. E side of road, immediately behind Star Cottage (SN 4293 1982). 

8B. E side of road, 20 m S of Star Cottage (SN 4294 1981). 

9. Wenallt (Bolahaul Member) 

9. 185 m at 253° from Wenallt (tipped material) (SN 4369 2000). 

10. Allt Cystanog (Bolahaul Member) 

10. Tips from old mines, 72 m at 203° from Penlan Villa (SN 4436 2025). 

11. E end of Allt Cystanog (Bolahaul Member) 

1 1 . Road cutting, S side of B4300, 140 m at 52° from Penlan Villa (SN 4482 2032). 

12 . Water treatment plant, Penddaulwyn fawr (upper part of Bolahaul Member) 

12. Temporary exposure 312 m at 289° from Penddaulwyn fawr, S of B4300 (SN 4538 2008), 

13 . Capel-Dewi stream section ( ? Cwmffrwd Member) 

13. 100 m at 276° from chapel at Capel Dewi (SN 4745 2022). 

14 . Stream section opposite Polin (Cwm yr Abbey Member). 

14. 35 m at 226° from Polin (SN 4944 1968). 

15. Cwm-difa (Pibwr Member) 

15A. 40 m at 223° from Cwm-difa Farm (SN 4944 1934). 

15B. 24 m at 244° from Cwm-difa Farm (SN 4945 1935). 

16 . Cwm yr Abbey (Cwm yr Abbey and Cwmffrwd Members). 

16A. 126 m at 246° from Abbey Farm (SN 5014 1941). 

16B. 140 m at 268° from Abbey Farm (SN 501 1 1946). 

16C. 144 m at 276° from Abbey Farm (SN 5011 1948). 

16D. 153 m at 285° from Abbey Farm (SN 501 1 1950). 

16E. 216 m at 303° from Abbey Farm (SN 5008 1958). 

16F. 344 m at 322° from Abbey Farm (SN 5004 1973). 

16G. 358 m at 323° from Abbey Farm (SN 5003 1975). 

Geological Survey localities 

The map number (e.g. 39 NE) refers to the Geological Survey six-inch sheet on which the locality 
is situated. A complete list of these localities is given in the Carmarthen (sheet 229) memoir 
(Strahan et al. 1909). 

Carm. 39 NE WAS. 250 m at 72° from Cablehill Farm (SN 4201 1949) (Bolahaul Member). 

Carm. 39NE WA7. 25 m at 44° from chapel at Pensarn, on S side of road (SN 4131 1918) 

(Bolahaul Member). 

Carm. 39 NE WA3. 150 m at 312° from Cilwaunydd (SN 4274 1845) (Bolahaul Member). 
Carm. 39 NE EA5. 75 m at 29° from Penddaulwyn fawr (SN 4570 2040) (Pibwr Member). 
Carm. 40 NW WA8. Head of dingle, 970 m at 65° from bridge at Nant y Caws (SN 4601 1879) 
(Pibwr Member). 



Systematic descriptions 

A. Trilobites 

Terminology. Descriptive terms used here follow the Treatise, Part O (Harrington et al, in Moore 
1959 : 01 17-126), with the following exceptions: 
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(i) angular measurements on Raphiophoridae follow Fortey (1975a); 

(ii) the glabella is here considered to include the occipital ring; 

(iii) the course of the facial sutures in Asaphidae is described using the angular notation of R. & 
E» Richter (see Owens 1973 : 4, fig. lA). 

Preservation, There are particular problems in trilobite taxonomy when the variability in the 
initial population is allied with variability in the state of preservation. Welsh Arenig trilobites, 
and particularly the asaphids, have suffered from exceptional taxonomic confusion. Approaches 
to these animals have oscillated between two extremes: in the last century most new localities 
yielded ‘new’ species, whereas in the latter half of this century all Arenig asaphid species have been 
subsumed beneath one or two specific names. In the present work we have tried to strike a balance 
between the two approaches, by discovering material with little or no distortion and comparing 
it with the types of previously-named species, and by trying to find specific characters that are as 
little affected by distortion as possible. 

It is usual for some flattening to have occurred even where a specimen has escaped distortion; 
often this results in ‘composite surfaces’ where the dorsal and ventral surface sculptures, for 
example, are impressed upon a single preserved surface (PI. 5, fig. 1). With distortion (compres- 
sion, and concomitant extension in a second dimension, accompanied by varying degrees of 
shearing and crushing) absolute measurements suffer grossly compared with relative proportions. 
We have tried to describe proportional characters in a way which will be consistent regardless of 
distortion ; sculptural characters are also used and where they occur seem to be consistent within 
a species, usually surviving the hazards of preservation. 

Sadly, type specimens are often distorted (Bates 1969a : pi. 6, fig. 3) and we have been tempted 
to restrict the species name to the type specimen in such cases in order to make a ‘clean start’. 
However, so many of the names {Ogygia selwynii for example) are familiar and established in the 
literature that a conservative approach was eventually used in all cases, the old names reappearing 
here for what is probably not the last time. 

Synonymy. We have used here the symbols proposed by Richter (1948) and explained by Matthews 
(1973 : 713) to amplify the information included in the synonymy lists. 

Figured material. Figured material is in the British Museum (Natural History) (BM(NH)), 
National Museum of Wales (NMW), Institute of Geological Sciences, London (GSM) and 
Sedgwick Museum, Cambridge (SM). 

Family OLENIDAE Burmeister 1 843 
Subfamily TRIARTHRINAE Ulrich 1930 
Genus PORTERFIELDIA Cooper 1953 

Diagnosis. Triarthrine trilobites resembling Triarthrus but with sutural ridges prominent in adult. 
Eyes small, anteriorly placed, eye ridges present. Preglabellar field short to absent. Free cheeks 
lacking genal spines. Thorax with 11 (?) to 13 thoracic segments (where known); pleurae narrower 
(trans.) than axis. Pygidium small, with few axial rings. 

Type species. Triarthrus caecigenus Raymond 1920, from the Athens shale (middle Ordovician) 
of Virginia, U.S.A. 

Discussion. Whittard (1961 : text-fig. 7) has reillustrated the type species of Porteifieldia. In 
diagnosing the genus Cooper (1953 : 8) described it as blind, but this was disputed by Whittington 
(1957 : 943) who believed that Porterfieldia had narrow free cheeks, eye lobes and sutures much 
like those of Triarthrus^ and was therefore a junior synonym of that genus. Cooper’s assumption 
of blindness was based on the identification of an apparent lateral cephalic border, but Fortey 
(1974b : 72) suggested that this ‘border’ was really a well-developed sutural ridge on the cranidium. 
P, punctata (Crosfield & Skeat), redescribed here, shows well the combination of a Triarthrus- 
like free cheek with a Porterfieldia-WkQ cranidium with prominent sutural ridge. 

The presence of this well-defined sutural ridge in the adult cranidium is here regarded as the 
defining character of Porterfieldia, Such a sutural ridge is common on small growth stages of a 
variety of olenids (Fortey 1974b : 41), but does not persist as a strong feature in the adult, although 
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it is present in modified form as the post-palpebral furrow of Cloacaspis ekphymosa Fortey 1974. 
Porterfieldia is closely related to Triarthrus, and was probably derived neotenously from an early 
Triarthrus or late Bienvillia species. 

A number of species show the distinct sutural ridge in the adult, and may be included within 
the revised concept of Porterfieldia. Besides the type species and P. punctata there are : P. jacha- 
lensis Harrington & Leanza 1957, from the Caradoc of Argentina, and "Triarthrus'* convergens 
Whittard 1961 from the Hope Shales (Llanvirn) of Salop. Whittard (1961 : 190) interpreted the 
sutural ridge of the latter species as the lateral cephalic border, and regarded the facial suture as 
proparian. In view of the cephalic morphology of P. punctata (PI. 1, fig. 2) and the position of the 
sutural ridge in olenids as a whole, it seems more probable that ‘T.’ convergens had an opistho- 
parian suture and a free cheek of Triarthrus type. Whittard (1961 : 189) further commented that 
the material identified with P. caecigena by Cooper (1953 : 8-9; pi. 2, figs 7-10) differed signi- 
ficantly from the type material of that species. Thws Porterfieldia may include as many as five species, 
ranging in age from Arenig to Caradoc, and, like other olenids (see p. 240), with a biogeography 
independent of the Ordovician faunal provinces. They appear to form a morphologically discrete 
group, distinguishable from Triarthrus of eatoni type. The type species of Triarthrus^ T. beckii 
Green 1832, needs redescription before the limits of Porterfieldia and Triarthrus can be finally 
defined. 

It is noted that the earliest species of Porterfieldia, P. punctata (Crosfield & Skeat 1896), has a 
short preglabellar field; later species do not. This may indicate a derivation Porterfieldia from 
a Bienvillia species like B. praecalva sp. nov., the cranidium of which shows many similarities to 
that of P. punctata. 



Porterfieldia punctata (Crosfield & Skeat 1896) 

(PI. 1, figs 1-8; PI. 2, figs 1-4, 7) 

v*.1896 Peltura punctata Crosfield & Skeat : 535; pi. 26, figs 1-10. 

.1908 Triarthrus punctatus (Crosfield & Skeat) Raw : 512. 

V.1919 Peltura punctata Crosfield & Skeat; Lake : 99-100; pi. 11, fig. 13; pi. 12, figs 1-3. 

V.1957 Triarthrus punctatus (Crosfield & Skeat); Henningsmoen : 148, 149-150. 

Diagnosis. Porterfieldia species with narrow (sag., exsag.) preglabellar field and pitted anterior 
border furrow. Glabellar and axial furrows subdued. Hypostoma as wide as long, with prominent 
maculae, posterior margin truncate. Pygidium with three axial rings, carrying sculpture of fine 
terrace lines. 

Lectotype. SM A3099, dorsal exoskeleton lacking free cheeks, original of Crosfield & Skeat 
1896: pi. 26, fig. 3; Lake 1919: pi. 12, fig. 1 (PI. 1, fig. 1 herein). Selected by Henningsmoen 
1957:149. 

Type Locality and Horizon. The specimens originally figured by Crosfield & Skeat (1896) all 
came from Nant y Glasdwr, and the lithology and preservation further suggests that they are 
from our locality 3A. 

Other occurrences. Crosfield & Skeat listed the species from Nant Cwmffrwd and Cwrt-hir 
farm. Thomas {in Strahan 1907: 6-7; 1909: 5-8) further extended the list of occurrences around 
the Carmarthen district to virtually every outcrop of the "Peltura punctata Beds’. An extended list 
also appears in Lake (1919: 100). Most of these additional records are spurious, presumably 
based on the misidentification of Bienvillia praecalva sp. nov. We have identified P. punctata from 
the type locality and lower down in Nant y Glasdwr (Iocs 3B, 3C), Cwm yr Abbey (Iocs 16D-G) 
and at the head of Cwm Ffinnant at Cwm-du (Geological Survey loc. WAl). It ranges from the 
top of the Cwmffrwd Member to the lowest part of the Tetragraptus Beds. 

Description. A good general account of this species was given by Lake (1919) and the following 
remarks amplify his description. New collections include a few specimens preserving the original 
convexity and with a minimum of distortion (PI. 2, fig. 4). These show that the cephalic furrow 
elfacement is an original feature, and not due to flattening or tectonic deformation. The glabella 
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is scarcely elevated above the fixed cheeks, the whole cranidium having a broadly arcuate outline 
in anterior view. Axial and preglabellar furrows are uniformly shallow except where deepened 
at the anterolateral corners of the glabella. The two pairs of glabellar furrows are gently arcuate 
and extend to just over one-third the width of glabella. They are very shallow, but crushing may 
exaggerate the depth of both glabellar and axial furrows (PI. 1, fig. 3). Outer parts of the occipital 
furrow curve backwards but the median part is bowed forwards. A minute occipital tubercle is 
visible on most specimens, but mid-thoracic tubercles are only visible on small specimens, par- 
ticularly those that have been crushed. 

The fixed cheeks are widest at the posterior margin; their maximum transverse width varies 
between 0-33 and 0-41 maximum transverse width of glabella, the lower values being obtained 
from uncrushed material. Internal moulds of some specimens are strongly caecate. Posterior 
border furrow a little deeper than furrows outlining glabella, and continued along posterolateral 
margin of cranidium as a well-defined furrow outlining the sutural ridge. Sutural ridge about half 
as wide as the posterior border. Furrow outlining the sutural ridge continues forward into the 
furrow delimiting the palpebral lobe, and then outlines the posterior margin of the short eye 
ridge. The palpebral lobes are placed in a forward position, posterior limit opposite 2P glabellar 
furrow on larger cranidia, a little behind this furrow on smaller cranidia. The lobes are small, of 
length between 0T6 and 0-23 sag. length of glabella. The preglabellar field is short, on uncrushed 
material continuing the downward slope of the anterior part of the glabella, but on crushed 
specimens opened outwards to a near-horizontal position; even on the most crushed specimens 
the preglabellar field is less than one-tenth sag. length of glabella (PI. 1, fig. 6). Caeca are doubt- 
fully present - corrugations on the preglabellar field are on a similar scale to those induced by 
crushing elsewhere on the exoskeleton. Border furrow deep on uncrushed material, with about 
25-30 small pits, which are indistinct on poorly preserved specimens. Anterior border of width 
(sag.) equal to, or slightly less than, that of preglabellar field, gently rounded about mid-line, 
on badly preserved specimens having a pointed outline due to crushing (PI. 1, fig. 6). Facial sutures 
subparallel in front of palpebral lobes, diverging outwards behind the lobes at about 20° - 30° 
to sagittal line, and posteriorly curving adaxially to become parallel, or almost so, to sagittal 
line at posterior margin. Dorsal surface of cranidium minutely punctate. 

Hypostoma (PI. 2, figs 1, 2) with maximum width across anterior wings, this equal to or slightly 
exceeding sag. length, gently backward-tapering. Middle body elliptical, divided in two lobes by 
transverse middle furrow. Anterior lobe posteriorly slightly pointed, and probably originally of 
considerable convexity, judged on the extensive cracking of the flattened material. Large 
maculae on posterolateral flanks of anterior lobe, internal surfaces covered with a fine grille of 
raised lines. Posterior lobe of middle body takes up about one-fifth (sag.) its length, and is 



Plate 1 

Porter fieldia punctata (Crosfield & Skeat 1896). Early Arenig, Carmarthen Formation, Cwm yr Abbey 
Member. 

Fig. 1 . Lectotype (selected Henningsmoen 1957), almost entire dorsal shield lacking free cheeks. Original 
of Crosfield & Skeat 1 896 : pi. 26, fig. 3. Nant y Glasdwr, loc. 3 A. SM A3099. x 4. 

Fig. 2. Latex cast of external mould of small, well-preserved dorsal exoskeleton without free cheeks. 

Sutural ridges well shown. Locality as Fig. 1, It 14000. x 8. 

Fig. 3. Latex cast of small, flattened dorsal exoskeleton, to show exaggeration of cephalic furrows. 
Note presence of mid-thoracic tubercles. From the upper part of the stratigraphic range of the species. 
Cwm yr Abbey, loc. 16D. It 14001. x 8. 

Fig. 4. Large cranidium, partially flattened and slightly extended (sag.). Locality as lectotype. Fig. 1 . 
It 14002. X 6. 

Fig. 5. External mould of dorsal exoskeleton lying ventral surface uppermost, preserving hypostoma in 
life position (cf. Henningsmoen 1957 : 92). Cwm yr Abbey, loc. I6G. It 14003. x 3. 

Fig. 6. Almost completely flattened large cranidium, showing extension of preglabellar field and 
pointed appearance of anterior margin, pits in border furrow. Locality as Fig. 1. It 14004. x6. 

Figs 7, 8. Latex cast of external mould of 4 thoracic segments and pygidium to show surface sculpture 
(Fig. 7) and upward arch in pygidial margin (Fig. 8). Locality as Fig. 1. It 14005. x 10. 



ARENIG OF CARMARTHEN DISTRICT 



245 





246 



R. A. FORTEY & R. M. OWENS 



narrowest medially, continuing upward slope of posterior part of anterior lobe. Lateral borders 
gently converge backwards, steep adjacent to middle body, depressed posterolaterally. Posterior 
border meets lateral borders abruptly at an obtuse angle (about 110°), runs transversely or 
very slightly pointed medially. Border furrows shallow except anteriorly. Surface of hypostoma 
is punctate, but punctation is coarser and more scattered than that of dorsal surface of exo- 
skeleton. 

Narrow free cheeks with maximum width just behind eye, this being less than that of the fixed 
cheeks. One specimen (PI. 2, fig. 3) shows the narrow strip of ventral doublure connecting the 
free cheeks, lacking both median and connective sutures. Small elevated nodes on the upper 
surfaces of the doublure correspond to the pits in the border furrow, so that the border of P. 
punctata has a strutted structure similar to that of Balnibarbi species (Fortey 1974b : fig. 4C). 
Free cheeks show faint genal caeca, which do not pass onto the convex lateral border. 

Thorax with 12 segments, expanding in width to fourth and fifth segments, tapering gently 
posteriorly such that the width (trans.) of the twelfth segment is half that of the fifth. The (exsag.) 
length of the thoracic segments is similar on the second to fifth segments, decreasing progressively 
thereafter posteriorly. Axis similarly tapers over the last seven segments, exceeding the trans- 
verse width of the thoracic pleurae, more markedly so on larger specimens. Of the pleurae them- 
selves the first two pairs are more pointed, those posterior blunter-tipped. Articulating fulcra close 
to the axis; triangular facets abaxial to fulcra are relatively broader (exsag.) on the first two thora- 
cic segments. Pleural furrows straight or slightly concave-forwards anteriorly, running almost to 
tip of pleurae. 

Pygidium of width more than twice length, posterior margin rounded and upward-arched 
about mid-line. Axis with three axial rings of similar width (sag.), the third incompletely defined 
by shallow ring furrow. Terminal piece short and wide, not clearly defined from postaxial field. 
Three pairs of pleural furrows, which slope progressively more steeply backwards posteriorly, 
and one pair of interpleural furrows delimiting anterior segment only. Posterior border narrow, 
especially adaxially. 

Discussion. The discovery of the hypostoma of this species helps to clarify some problems of 
homology of hypostomal structures in other Olenidae. The primitive olenid hypostoma, as 
exemplified by Olenus (Westergard 1922: pi. 4, figs 4, 9) has a large middle body transected 



Plate 2 

Porterfieldia punctata (Crosfield & Skeat 1896). Early Arenig, Carmarthen Formation, Cwm yr Abbey 

Member. 

Fig. 1. Hypostoma, ventral view. Cwm yr Abbey Member, Nant y Glasdwr, locality 3B. It 14006. x 10. 

Fig. 2. Detail of hypostoma to show punctate sculpture and grooved maculae. Locality as previous 
specimen. It 14007. x 15. 

Fig. 3. External mould of free cheek, with doublure connecting second cheek lacking median or con- 
nective sutures. Same bed as Fig. 1. It 14008. x 10. 

Figs 4, 7. Almost undistorted cranidium in dorsal and anterior views. Same bed as Fig. 1. It 14009. x 10. 

Bienvillia praecalva sp. nov. Early Arenig, Carmarthen Formation, Cwmffrwd Member. 

Fig. 5. Slightly crushed cranidium, front part of glabella crushed over preglabellar field. Nant Cwmffrwd, 
loc. 2A. It 14010. X 10. 

Figs 6, 9. Almost undistorted cranidium in lateral and dorsal views. Locality as previous specimen. 
It 14011. x6. 

Fig. 8. Cranidium, only slightly crushed, and showing median effacement of preglabellar furrow. 
Locality as previous specimens. It 14012. x6. 

Fig. 10. Pair of fused free cheeks, showing narrow connecting doublure lacking sutures. Nant y Glasdwr, 
loc. 3F. It 14013. x6. 

Fig. II. Holotype, large, flattened cranidium. Preglabellar field slightly extended, but median effacement 
of preglabellar furrow characteristic of species, and pits in border furrow well displayed. Nant Cwm- 
ffrwd, loc. 2A. It 14014. x6. 

Fig. 12. Right free cheek. Locality as holotype. It 14015. x 6. 
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posteriorly by a deep middle furrow, the whole surrounded by narrow borders. With the dif- 
ferentiation of the olenid subfamilies in the Upper Cambrian the hypostoma underwent various 
modifications which tended to remain conservative within a given subfamily. In Parabolinella 
(Henningsmoen 1957 : pi. 12, fig. 5), Balnibarbiinae (Fortey 1974b : pi. 1, figs 5-7) and Hyper- 
mecaspis (Fortey 1974b : pi. 14, figs 1, 6) the middle body is large and with narrow borders as in 
the primitive condition; in the Balnibarbiinae and Hypermecaspis there are in addition prominent 
maculae. These latter occur immediately in front of the middle furrows. On Porterfieldia punctata 
maculae are also prominent, and these occur immediately in front of a prominent furrow passing 
completely between the borders (PI. 2, fig. 1). It is probable that this furrow is homologous with 
the middle furrows of other olenids, thereby dividing the middle body into an inflated anterior 
and a depressed posterior lobe, the latter superficially appearing to belong to the border. A 
similar situation seems to pertain in some pelturines, for example in Peltura transiens (Brogger) 
(Henningsmoen 1957 : pi. 26, fig. 12) and other Peltura species the apparent ‘middle body’ is 
inflated and terminates with a pair of posterolateral raised areas, which are probably maculae. 
The true middle body includes in addition a narrow (sag.), crescentic posterior lobe which lies 
immediately in front of the posterior border; the boundary between the anterior, inflated and 
posterior, depressed parts of the middle body is the homologue of the middle furrow in the 
primitive condition. 

The hypostoma of P. punctata has more in common with those of the pelturines listed above, 
and also that of the type species of Psilocara, P. comma (Fortey 1974b : pi. 19, figs 14, 18), than 
with any triarthrine for which the hypostoma is known. In Bienvillia tetragonalis broeggeri the 
middle body is undivided (Henningsmoen 1957 : pi. 11, fig. 7), similarly in Triarthrus thor (Fortey 
1974b : pi. 23, fig. 21), while in Parabolinella limitis there is a short pair of middle furrows 
(Henningsmoen 1957 : pi. 12, fig. 5). This might suggest that the affinities of P. punctata lie with 
the Pelturinae rather than the Triarthrinae, a view favoured by Lake (1919). Henningsmoen 
(1957 : 150) also noted similarities to pelturines, especially Peltocare^ in the form of the free cheek 
and the twelve thoracic segments (like Peltura, Protopeltura, Saltaspis and Beltella), but favoured 
an assignment to Triarthrus on the grounds that cranidial features of P. punctata were closer to 
that genus. The evidence of the new material from south Wales rather favours this interpretation. 
The likely close relationship of P. punctata to Bienvillia praecalva will be mentioned (p. 249). 
B, praecalva is assuredly triarthrine; it is possible that the distinctive hypostoma of these species 
is a derived character linking the Porterfieldia species group. More knowledge of Ordovician 
triarthrine hypostomata is needed before this can be established. 

Genus BIENVILLIA Clark 1924 
Bienvillia praecalva sp. nov. 

(PI. 2, figs 5, 6, 8-12; PL 3, figs 2-7) 

Diagnosis. A Bienvillia species with moderately narrow (trans.) fixed cheeks for the genus. 
Palpebral lobes very small, less than one-fifth glabellar length, and in front of 2P glabellar furrows. 
Preglabellar furrow effaced medially; preglabellar field about one-tenth length of glabella. 
Posterior border of free cheeks curving forward strongly to genal spines, which are long and 
stout, slightly outwardly-directed proximally. 

Name. Latin, praecalvus, ‘balding in front’ referring to the median effacement of the preglabellar 
furrow. 

Holotype. BM(NH) It 14014, flattened cranidium. 

Type Locality and Horizon. Material figured here is from black shales of the Cwmlfrwd Mem- 
ber, loc. 2A, Nant Cwmffrwd. 

Other occurrences. B. praecalva has been recorded from loc. 2B, Nant Cwmffrwd, and loc. 3F, 
Nant y Glasdwr, both from the Cwmffrwd Member. In Allt Pen-y-Coed poorly-preserved speci- 
mens of B, praecalva occur in the upper part of the Pibwr Member (Iocs 5F, 5H) and in the 
Cwmffrwd Member higher in the dingle (Iocs 5B, 5C, 5E). Poorly-preserved specimens probably 
referable to this species have been found in the Cwmffrwd Member exposed in Cwm yr Abbey 
(Iocs 16B, 16C). 
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Description. Cranidium with maximum width at posterior margin, this about one and a half 
times sagittal length. Fixed cheeks originally sloped downwards, so that in plan view on the 
flattened material they appear wider than they are on uncrushed material in dorsal view. 
Their maximum width is just under half the maximum width of glabella, the latter equal to, or 
slightly less than, sagittal glabellar length. Glabella expands forwards to maximum width at IP 
lobe, thereafter tapering gently forwards, but becoming parallel-sided at anterior lobe. Axial 
furrows deep, as are the lateral parts of the preglabellar furrow, but this furrow is effaced medially 
so that the frontal lobe of the glabella is continuous there with the preglabellar field. Two pairs 
of glabellar furrows extend more than one-third across glabella, deeply incised and sloping back- 
wards at about 40°-50° to sagittal line at inner ends. Outer parts of occipital furrow slope back- 
wards, median part horizontal or slightly bowed forwards, so that the median part of the occipital 
ring is wider (sag.) than lateral parts (exsag.). Occipital tubercle more prominent on smaller 
specimens. Posterior border furrow deep, outlining posterior border of less than half width 
(exsag.) of occipital ring. Sutural ridges absent on larger cranidia, faint and very narrow on smaller 
cranidia. Preglabellar field narrow, about one-tenth length of glabella, probably originally down- 
ward-sloping, although flattened out on crushed material. Some specimens (PI. 2, fig. 5) are 
flattened so that the preglabellar field is crushed beneath the frontal lobe of the glabella. Border 
furrow moderately impressed, with 25-30 small pits visible on well-preserved cranidia. Gently 
convex anterior border half the width (sag., exsag.) of preglabellar field. Palpebral lobes small and 
far forward, posterior limit opposite outer end of glabellar furrow 2P, between 0T2 and 0-17 of 
glabellar length. Palpebral furrows shallow, continued anteriorly into furrow outlining posterior 
limit of short, faint eye-ridge. Short, anterior sections of facial sutures subparallel in front of 
palpebral lobes, but flattening may produce a slight divergence; posterior sections straight or 
slightly bowed outwards, diverging at about 20°-30° to sagittal line, and cutting the posterior 
margin at an acute angle approaching 90 degrees. 

Free cheeks yoked together as a single unit, connected by a narrow strip of doublure (PI. 2, 
fig, 10), which comes to a point medially. Anterior band of doublure depressed and carrying 
terrace lines, posterior part elevated dorsally, with minute nodes which are presumed to have 
been ventrally correspondent with the pits in the anterior border furrow. Lateral and posterior 
borders narrow, with fine terrace lines parallel to margins of cheeks. Posterior border curves 
sharply forward to genal spine, subtending an angle to the spine of about 60°. Spine curves 
outwards initially, almost in line with lateral margin of cheek and slightly inflected, posteriorly 
curving to become parallel to sagittal line and extending to more than 1*5 cephalic length. 

There are more than 10 thoracic segments (PI. 3, fig. 3) but there are no perfectly-preserved 
specimens displaying the full thoracic complement. On one fragment the eighth segment bears a 
long medial spine (PI. 3, fig. 2), but it is not certain that this spine arose from the eighth segment 
on the entire animal, or one posterior to it. 

Pygidium small, and strongly upward-arched posteriorly, only two axial rings clearly defined, 
axis (?) extending to posterior margin. Pleural fields carrying two pairs and a third faint pair of 
interpleural furrows; surface sculpture of fine terrace lines. Small growth stages of this species 
are known from Nant Cwmffrwd, indicating that the olenid assemblage there is truly autoch- 
thonous (PI. 3, figs 4, 5). They are not well preserved, but conform to the description of triarthine 
growth stages given by Whittington (1957) and Fortey (1974b : 73). Probable degree 2 meraspis 
(PI. 3, fig. 4) clearly shows the forward-expanding glabella and the strongly furrowed, posteriorly 
truncate pygidium common to small Triarthrus and related genera. 

Discussion. The arbitrariness of the division between Triarthrus and Bienvillia has been recently 
discussed by Fortey (1974b : 65-66). The species described above is particularly difficult as it 
lies halfway between typical members of each genus. The presence of a preglabellar field, albeit 
a narrow one, together with fixed cheeks of moderate width, comparable with those of B, tetra- 
gonalis broeggeri (Henningsmoen 1957 : pi. 11, figs 1, 2, 4) and B. stikta (Fortey 1974b : pi. 22, 
figs 9, 11), makes us favour an assignment to Bienvillia. It must be emphasized, however, that 
several species assigned to Triarthrus, such as those of Harrington & Leanza (1957), are similar 
to B. praecalva and must be considered in the discussion. 



250 



R. A. FORTEY & R. M. OWENS 



The type species, B. corax (Billings), figured by Rasetti (1954 : pi. 61, fig. 15), has both wider 
fixed cheeks and preglabellar field than those of B. praecalva, and longer, straighter glabellar 
furrows. The very small, advanced palpebral lobes of B. praecalva and the forward position of 
its genal spines distinguish it from B. stikta Fortey (1974b : 66-69; pi. 22, figs 1-15; pi. 24, 
figs 5-7), the only other Arenig species of the genus, and B, shinetonensis (Raw) (Lake 1913 : 70; 
pi. 7, figs 13-16; Harrington & Leanza 1957: 115; fig. 42, 9-12; Henningsmoen 1957;pl. l,fig.7), 
B, tetragomlis broeggeri (Henningsmoen 1957 : 145-146; pi. 11, figs 1-7), B. tetragonalis tetra- 
gonalis (Harrington) (Harrington & Leanza 1957: 113-115; fig. 42, 1-6; assigned by them to 
Triarthrus) and B, grandis Robison & Pantoja-Alor (1968 : 788; pi. 100, figs 16-18). A distinctive 
feature found on B. praecalva and no other Bienvillia is the median effacement of the preglabellar 
furrow. In other species the front of the glabella is frequently indented by the preglabellar furrow 
in the same area. Similar features distinguish B. praecalva from ""Triarthrus^ from Argentina - T.’ 
parchaensis Harrington & Leanza (1957 : 117, 119; fig. 43, la-h; fig. 44, la-e) and T.’ rectifrons 
(Harrington) (Harrington & Leanza 1957: 115; fig. 43, 2a-g). All the species here compared 
with B. praecalva, except the type, have long genal spines, where the free cheeks are known, a 
feature uncommon among middle Ordovician Triarthrus. Since they also have other features in 
common, such as a short preglabellar field and fixed cheeks about half the width of the glabella, 
this might suggest that they could be accommodated within a new genus forming a ‘bridge’ 
between Tremadoc Bienvillia on the one hand and Middle Ordovician Triarthrus on the other. 
However, this would simply double the number of boundary problems, as there are already species 
known with intermediate character states - for example, Triarthrus papulosus Fortey (1974b : 70; 
pi. 23, figs 1-11) has long genal spines, but lacks a preglabellar field like typical Triarthrus. 

Subfamily HYPERMECASPIDINAE Harrington & Leanza 1957 
Genus HYPERMECASPIS Harrington & Leanza 1957 

Diagnosis. The diagnosis given by Harrington & Leanza (1957 : 121) is accepted here. 

Type species. Hypermecaspis inermis Harrington & Leanza 1957 (by original designation). 

Hypermecaspis venerahilis sp. nov. 

(PL 3, figs 1, 8-10) 

V.1896 Olenus (Parabolinella) sp. nov. Crosfield & Skeat : pi. 26, figs 11, 12. 



Plate 3 

Bienvillia praecalva sp. nov. Early Arenig, Carmarthen Formation, Cwmffrwd Member. 

Fig. 2. Eight thoracic segments, showing median spine on eighth. Nant Cwmlfrwd, loc. 2A. It 14016. 

X 10. 

Fig. 3. Small, incomplete dorsal exoskeleton, showing 10 (? 11) thoracic segments. Allt Pen-y-Coed, 
loc. 5F. It 14017. x4. 

Fig. 4. Degree 2 meraspis. Nant Cwmffrwd, loc. 2 A. It 14018. x 15. 

Fig. 5. Meraspis of at least degree 5. Nant Cwmffrwd, loc. 2A. It 14019. x8. 

Fig. 6. Poorly preserved hypostoma. Nant Cwmffrwd, loc. 2 A. It 14020. x 10. 

Fig. 7. Incomplete pygidium. Nant y Glasdwr, loc. 3F. It 14021. x 15. 

Hypermecaspis venerahilis sp. nov. Early Arenig, Carmarthen Formation, Cwmffrwd and Cwm yr Abbey 
Members. 

Figs 1, 8. Eighteen thoracic segments and pygidium, incomplete on right side. Fig. 8, plan view, x 3; 
Fig. 1, detail of pygidium to show terrace lines, x6. Cwmffrwd Member, Allt Pen-y-Coed, loc. 5D 
(EX5). GSM JP4700. 

Fig. 9. Cranidium with preglabellar area largely missing, but showing anterior branch of facial suture 
on right. Original of Crosfield & Skeat 1 896 : pi. 26, fig. 11. Cwm yr Abbey Member, Nant y Glasdwr, 
loc. 3A. SM A550a. x 3. 

Fig. 10. Holotype, almost complete cranidium. Cwmffrwd Member, Allt Pen-y-Coed, loc. 5D (EX5). 
GSM 26062. x4. 
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V.1909 ParaboHnella rugosa Brogger; Thomas in Strahan et al . : 5, 7. 

V.1909 Dikelocephalus serratus Boeck; Thomas in Strahan et al . : 5, 1. 
v.1909 ParaboHnella sp. nov. Thomas in Strahan et al . : 7. 

V.1913 ParaboHnella rugosa Brogger var.; Lake : 67; pL 7, fig. 3. 

V.1957 ? ParaboHnella rugosa Brogger; Henningsmoen : 137-138. 

Diagnosis. A Hypermecaspis species with a short preglabellar field which is not caecate. Anterior 
border not clearly defined on cranidium. Preocular facial sutures slightly divergent. Pygidium 
with three axial rings and terminal piece. 

Name. Latin, venerabilis, ‘venerable’, referring to wrinkled appearance of cranidium. 

Holotype. GSM 26062 (PI. 3, fig. 10), almost complete cranidium preserving preglabellar field. 

Type Locality and Horizon. Cwmffrwd Member, Allt Pen-y-Coed, loc. 5D (Survey loc. EA5). 
The thorax and pygidium figured here (PI. 3, fig. 8) are from the same locality. 

Other occurrences. The specimen figured by Crosfield & Skeat (1896) is from the lower part 
of the Cwm yr Abbey Member, loc. 3A, Nant y Glasdwr. The species thus ranges through the 
Cwmffrwd Member and the lower part at least of the Cwm yr Abbey Member. Isolated thoracic 
segments probably attributable to this species have also been obtained from the Cwm yr Abbey 
Member, loc. 16D, Cwm yr Abbey. 

Description. Although the available material of this species is flattened, enough features are 
preserved to be sure of its specific distinction. Relief Hypermecaspis species from the Arenig of 
Spitsbergen (Fortey 1974b : 44-51) are all of low convexity, and it is unlikely that the species 
described here was very different in this respect. However, it is probable that the preglabellar 
field originally sloped downwards, and that flattening caused it to be horizontally disposed around 
the front of the glabella (cf. Fortey 1974b : pi. 14, figs 7, 9). The glabella tapers gently forwards, 
front margin somewhat truncate, gently rounded about midline. Occipital and glabellar furrows 
typical of Hypermecaspis: the short IP furrow is bifurcate at its inner end; 2P, 3P and 4P extend 
more than one-third across glabella, inner ends deflected backwards. Outer end of 4P almost at 
anterolateral corner of glabella. One specimen (PI. 3, fig. 9) shows exsagittal effacement of part of 
the 2P furrow, so that the outer and inner parts of the furrow are separated by a smooth area. 
Occipital ring divided into three lobes: median, forward-bowed part of occipital furrow con- 
tinued backwards to isolate triangular lateral occipital lobes between lateral, backward-sloping 
parts of occipital furrow. Palpebral lobes large, anterior limits opposite 4P where they almost 
touch the glabella, posterior limits opposite IP and not so close to glabella. Palpebral rims broad. 
The narrow (exsag.), strap-like postocular fixed cheek is bisected by the posterior border furrow, 
which curves outwards and forwards from where it meets the axial furrow almost at the posterior 
cephalic margin, in the process becoming shallower and ill-defined. Posterior border widening 
abaxially, with depressed posterior band. Anterior border not distinguishable from preglabellar 
field, both together about one-sixth (sag.) glabellar length. The holotype shows little trace of caeca 
and on the second specimen they are faint on the fragment of the preglabellar field preserved. 
Anterior branches of facial sutures diverge at about 20° to sagittal line in front of the palpebral 
lobes; posterior branches swing out to run transversely, distally curving sharply posteriorly to 
cut the posterior cranidial margin at a right angle. 

Free cheek and hypostoma not known. 

Thorax shows 18 segments but is probably incomplete in known specimens. (The complete 
specimens of H. inermis and H. armata from the Arenig of Argentina both have 19 segments.) 
The long, pointed-tipped thoracic pleurae are of similar transverse length along the thorax, but 
slope progressively more backwards posteriorly. The long pleural furrows extend almost to the 
tips of the pleurae. 

Pygidium fan-shaped, maximum width near posterior margin slightly exceeding sagittal length. 
Short, gently tapering axis occupying under half pygidial length (sag.), with three axial rings of 
equal width (sag.) and a short terminal piece which is rounded posteriorly. The postaxial ridge 
which is seen on other species of the genus is not visible, but this may be due to the flattening of 
the only specimen. Three pairs of pleural furrows were probably present, not reaching the pos- 
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terior margin, and a single pair of interpleural furrows. Dorsal surface shows fine terrace lines, 
densely crowded about posterior margin, more widely spaced near the axis. 

Discussion. //. venerabilis differs from the type species, H. inermis Harrington & Leanza (1957 : 
123-125; figs 45, 46, 48 : 6) from the Arenig of Salta, Argentina, in having a wider (sag., exsag.) 
preglabellar field and a longer pygidium with only three axial rings. The other Arenig species from 
Argentina, H. annata (Harrington & Leanza 1957 : 125; figs 47, 48 ; 3-5) has a preglabellar field 
of similar width to that of H. venerabilis, but convergent anterior sections of the facial sutures 
and a distinctly-defined anterior cranidial border; the pygidium of the Argentine species is small. 
Of the three species of Hypermecaspis from the Arenig Olenidsletta Member of the Valhallfonna 
Formation, Spitsbergen, only one, //. brevifrons Fortey (1974b: 48-49; pi. 14, figs 1-9; pi. 24, 
fig. 9), has a preglabellar field as narrow as that of H. venerabilis, but this is strongly caecate, even 
when flattened, although the anterior border furrow is effaced on some specimens as on the Welsh 
material. The pygidium of the Spitsbergen species has four axial rings and a terminal piece. The 
resemblance between the Spitsbergen (Bathyurid province), Welsh (Selenopeltis province) and 
Argentine (Asaphopsis province) species is such that a close relationship is undoubted and lends 
credence to the theory that distribution of olenid trilobites was independent of provincial barriers 
in the early Ordovician (see p. 240). 

Family RAPfflOPHORIDAE Angelin 1854 
Subfamily RAPHIOPHORINAE Angelin 1854 
Genus AMPYX Dalman 1827 

Type species, Ampyx nasutus Dalman 1827, 

Diagnosis. Raphiophorine trilobites with 6 thoracic segments, subisopygous. Glabella with long 
anterior spine with circular cross-section. Glabella expanding forwards, overhanging anterior 
border, muscle impressions variously incised, three pairs visible on most species. Pygidium with 
only one pair of pleural furrows clearly visible; pygidial axis shows more than 5 segments in- 
dicated by muscle impressions on internal moulds. Surface sculpture combinations of raised 
lines, incised grooves and pitting. 

Remarks. This diagnosis is based on a sensu lato concept of Ampyx. As noted by Fortey (1975a : 
65-66) Ampyx as at present conceived is likely to include a number of species only distantly 
related to the type species, A. nasutus Dalman, and may eventually be divisible into several genera. 
The characters germane to such a division are not yet clearly identified, but will include the degree 
of impression and arrangement of glabellar muscle impressions, the shape and extent of the 
posterior border furrow and occipital ring, and the outline of the facial sutures. The new species 
described below differs from the type in having facial sutures with convex-forward outline, and 
in the straight, incomplete pygidial pleural furrows. These differences are shared by some other 
Arenig Ampyx species such as A. spongiosus Fortey 1975 and A. volborthi Schmidt 1894. 

Ampyx cetsarum sp. nov. 

(PI. 4, figs 1-4, 6, 7) 

V.1966 Ampyx aff, salteri Hicks; Whittington : pi. 2, figs 1-3, 6; ? 4, 5. 

Diagnosis. An Ampyx species with surface sculpture of fine raised lines on forward parts of cheeks 
and glabella. Muscle impressions not incised. Posterior borders and occipital ring form a continu- 
ous band, gently forward-sloping. Outline of facial sutures convex forwards. Pygidial axis weakly 
defined, with about 5 pairs of muscle impressions. One pair of shallow pygidial pleural furrows 
not extending as far as axis. 

Name. After Crosfield & Skeat, the original (1896) discoverers of the Carmarthen faunas; a 
contraction of ‘C. et S’. 

Holotype. BM(NH) It 14022, slightly crushed cranidium preserving exoskeleton anteriorly. 

Type Locality and Horizon. Gian Pibwr (loc. lA), the specimens collected from the highest 
beds exposed there, but still quite low in the Pibwr Member. 



254 



R. A. FORTEY & R. M. OWENS 





Fig. 8. Reconstructions of dorsal exoskeletons (lacking free cheeks) of: a, Ampyx salteri Hicks 
and b, Ampyx cetsarum sp. nov., to summarize diagnostic differences. (Both approx, x 3J.) 



Other occurrences. The species is represented by numerous specimens from the temporary 
exposure of the uppermost part of the Bolahaul Member at the water processing plant west of 
Capel Dewi (loc. 12). 

Description. Although much of the material of this species is crushed, enough parts are known 
in an undistorted state to enable a nearly complete reconstruction to be made (Fig. 8b), and 
sufficient details are known of the dorsal cuticle surface to be certain of the characteristic surface 
sculpture. Length of exoskeleton (excluding frontal spine) slightly exceeding width across mid- 
part of thorax; sagittal length of thorax about equal to that of pygidium, both exceeded by length 
of glabella. 

Cranidium with almost semicircular outline, glabella not greatly elevated above genal areas 
compared with many Ampyx species. Glabella expands rather uniformly forward from occipital 
ring {S in the range 30°-45°), preoccipital width being about half maximum width across antero- 
lateral corners. Degree of forward protrusion of glabella relatively slight, although most speci- 
mens are not well preserved in this region (o> approximately a right angle). Stout anterior spine 
exceeding length of glabella. Muscle impressions not visible upon glabella when it is hardly 
distorted, and lack of distinctly impressed muscle attachment sites is considered to be an original 
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feature. Axial furrows shallow, not continued posteriorly to define occipital ring. Posterior 
border and occipital ring form a continuous band, which slopes gently forwards. Posterior border 
furrow is bowed slightly forwards, deep laterally, shallowing and broadening adaxially. Postero- 
lateral fossulae well developed. There is a pair of pits, clearly visible on internal moulds (PI. 4, 
fig. 2), at the posterior ends of the axial furrows at the anterior edge of the occipital region, 
representing small, ventrally-directed apodemes. Outline of facial sutures convex forwards, even 
on flattened material. Presumably these sutures ran almost marginally to the cephalon; unfor- 
tunately, specimens with free cheeks are lacking. 

Surface sculpture on cheeks of fine, only rarely bifurcating raised lines which run subparallel 
to the anterior cranidial margin. They do not extend on to the posterior, adaxial parts of the 
fixed cheeks. Similar raised lines, directed more or less sagittaly, are present on the flanks of the 
anterior part of the glabella. The terrace lines are weakly reflected on internal moulds, where 
some specimens (PI. 4, fig. 1) show a genal ridge, directed obliquely backwards, but not reaching 
posterolateral corner of cranidium. 

Thorax with maximum width at third segment, where transverse width of pleurae equals or 
slightly exceeds axial width. Axial furrows shallow; furrows between axial rings deep. Exfoliated 
specimen (PI, 4, fig. 6) shows that the half rings are only about one-third length (sag.) of axial 
ring. Pleural furrows straight and transverse, nearer posterior than anterior margin of segment, 
deep laterally, where they extend almost to the tips of the segments, progressively narrower and 
shallower adaxially, not extending to meet axial furrows. First segment not conspicuously macro- 
pleural. 

Pygidium triangular, width 2-5-3-0 times sagittal length. Axis ill-defined, on the one undistorted 
specimen (PI. 4, fig. 6) extending almost to posterior border. The same specimen shows 5 pairs of 
lateral muscle impressions. Pleural fields are unfurrowed except for the anterior pair of pleural 
furrows, which are narrow, transverse and extend little more than halfway across the pleural 
fields towards the axis. Posterior border steeply downturned, deepest exsagittally, and slightly 
upward-arched on mid-line. The border carries terrace lines similar to those on the cephalon, 
and at least a few of these are continued onto the posterior parts of the pleural fields. The available 
pygidia are stripped of their cuticle, so further sculptural details are not known. 

Discussion. Welsh Arenig Ampyx have been assigned to A, salted Hicks, the type material of 
which is from the ‘middle’ Arenig rocks north of Whitesand Bay, St David’s. Whittard (1955 : 15- 
18; pi. 1, fig. 15) redescribed A, salted, and identified with that species some relatively complete 
material from the Mytton Flags in the Shelve inlier. Surprisingly, the species under discussion is 
very different from A. salted, notably in lacking incised muscle insertion areas on the glabella, 
in having an almost continuous pleuroccipital band, a longer frontal spine, faint pygidial axis 
and an incomplete pair of pygidial pleural furrows. A. salted from the type locality shows no 
sign of the raised lines on the cranidium se-''n on A, cetsarum; since they are visible on internal 
moulds of the new species, it seems probable that some trace of them would have survived the 
flattening of the St David’s species if they were originally there. 

Ampyx aff*. salteri (Whittington 1966, especially pi. 2, figs 1-3, 6), from the Henllan Ash, 
Gwynedd, shows similar terrace lines to those of A, cetsarum, has adaxially incomplete pygidial 
pleural furrows, and subdued axial and border furrows; it is referred here to A, cetsarum. 

Salient differences from the type species, A. nasutus, have been mentioned above (p. 253). Of 
Arenig species from the Valhallfonna Formation, northern Spitsbergen, A. cetsarum resembles 
A. spongiosus (Fortey 1975a : pi. 22, figs 1-10; pi. 23, figs I, 3, 4, 5) in the general proportions of 
cranidium and pygidium, in having the facial sutures convex forwards and in the broad posterior 
border furrows of the cranidium, but differs in its low transverse occipital convexity, single (not 
paired) genal ridge, lack of cuticular pitting and in having few segments in the pygidial axis. A. 
priscus Thoral 1946 (redescribed by Dean 1966 : 279-281 ; pi. 3, figs 1-9; pi. 4, figs 1-6), from the 
early Arenig of the Montagne Noire, southwestern France, is similar to A. cetsarum in this latter 
respect. It differs from the Welsh species in most other details, however, of which its considerable 
occipital convexity (trans.), complete (trans.) pygidial pleural furrows and scarcely upward- 
arched pygidial posterior border are the most obvious. Finally, the Swedish species Ampyx pater 
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Holm 1882 (redescribed by Tjernvik 1956: 270; pi. 11, figs 13, 14) resembles A, cetsarum in the 
outline of the facial sutures, lack of scars of glabellar muscles and in having five pygidial axial 
rings, but differs in the narrowness of the cranidial posterior border and the distinct occipital 
ring, lack of reflexion of sculpture on the internal mould and completeness of pygidial pleural 
furrows. 



Family CYCLOPYGIDAE Raymond 1925 
Genus MICROPARIA Hawle & Corda 1847 

Diagnosis. That of Richter & Richter {in Moore 1959 : 0362) is followed here, with the exception 
that species with six thoracic segments may be included in Microparia, a modification introduced 
by Whittard (1961 : 177). 

Type species. Micwparia speciosa Hawle & Corda 1847, from the KralCiv Dvur Formation (Ash- 
gill), Czechoslovakia. 

Remarks. The type species of Microparia has been redescribed by Marek (1961 : 37-38; pi. 3, 
figs 5-10; text-fig. 1 1). The species from south Wales is the earliest yet described, with the possible 
exception of M. broeggeri (Holub 1912) from the Arenig Klabava Formation of Czechoslovakia, 
the type (and only) specimen of which is missing. In common with M. nuda Whittard, M. grandis 
(Salter) has 6 thoracic segments - later species have 5 - but this character alone is not considered 
of generic importance. M. grandis also has a medially-expanded, forward-tapering glabella, in 
this respect more closely resembling Pricyclopyge, especially P. binodosa (Salter). Possibly this 
glabellar shape is a plesiomorphic character shared by early cyclopygids which are already on 
separate evolutionary lines. Certainly the pygidium of M. grandis is typical of Microparia, and 
does not have the distinct border and triangular outline of Pricyclopyge pygidia. 

Microparia grandis (Salter) 

(Fig. 9; PI. 4, figs 5, 8, 9) 

v*.1859 Aeglina grandis Salter in Murchison : 53, fig. 6. 

V. 1864b Aeglina grandis Salter : 3-4; pi. 4, figs 7 [non fig. 8, = 1 Pricyclopyge sp.]. 

V. 1 873 Aeglina grandis Salter : 23 . 



Plate 4 

Ampyx cetsarum sp. nov. Early Arenig, Ogof Hen Formation, upper part of Bolahaul Member and 

Carmarthen Formation, Pibwr Member. 

Fig. 1 . Cranidium, with patches of thin cuticle adhering. Upper part of Bolahaul Member, temporary 
section at water treatment plant, Penddaulwyn Fawr, loc. 12. NMW 76.3G.1. x 3. 

Figs 2, 7. Holotype, cranidium, part (Fig. 2) and latex cast of counterpart (Fig. 7) of little-crushed 
specimen, showing surface sculpture on cheeks. Gian Pibwr, loc. lA. It 14022. Fig. 2, x 6; Fig. 7, x 5. 

Fig 3. Dorsal exoskeleton; crushed cranidium, but with thorax and pygidium retaining almost their 
original outlines. Same horizon and locality as Fig. 1. NMW 76.3G.2. x4. 

Fig. 4. Counterpart of Fig. 1, preserving frontal spine and showing surface sculpture, x 4. 

Fig. 6. Thorax and pygidium, the latter almost without distortion. Same horizon and locality as Fig. 1. 
NMW76.3G.3. x 7. 

Microparia grandis (Salter 1859). ? Early Arenig, Tetragraptus Beds, south side of St David’s Head, 

Dyfed. 

Fig. 5. Nearly complete external mould of exoskeleton identified with M. grandis by Salter (1873), 
showing well the outline of the facial suture and anteriorly developed palpebral rims (compare Fig. 9). 
SMA44335. x 3. 

Fig. 8. Holotype, poorly-preserved but almost complete dorsal exoskeleton, showing similar thorax 
and pygidium to that of previous specimen. GSM 35276. x 2. 

Microparia grandis (Salter 1859). Early Arenig, Carmarthen Formation, Cwm yr Abbey Member. 

Fig. 9. Well-preserved cephalon and 4 thoracic segments. Nant y Glasdwr, loc. 3 A. It 14023. x 3. 
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V.1961 Cyclopyge grandis (Salter) Whittard : 182. 

? 1961 Cyclopygid C Whittard : 184; pi. 24, fig. 14. 

Diagnosis. A Microparia species with six thoracic segments, eyes widely separated at anterior 
margin. Glabella expanding in width to about one-third cephalic length, tapering anteriorly; 
narrow (trans.) eyes, with correspondingly curved inner margins. Palpebral rims narrow, effaced 
posteriorly. Semicircular pygidium with short, narrow axis, with single axial ring clearly defined; 
border faint, especially postaxially. 

Holotype. GSM 35275, by monotypy. Imperfectly preserved and flattened dorsal shield, front 
part of cephalon not present. This specimen is that figured by Salter {in Murchison 1859 : 53). 
Type Locality and Horizon. Salter (1864b) recorded M. grandis from the ‘south side of St 
David’s Head’ in Dyfed, that is, from within the broad outcrop of Tetragraptus Beds exposed 
there. He subsequently (1873) recorded specimens he regarded as conspecific from the ‘middle 
Arenig’ of Whitesand Bay, a designation equivalent to the south side of St David’s Head, and 
equally imprecise. It is not possible to refine the locality until the St David’s area is redescribed, 
but it is worth noting that we have collected cyclopygid eyes similar to those of M. grandis from 
Pwlluog, just north of Trwynhwrddyn, Whitesand Bay. 

Other occurrence. From the Carmarthen area a single specimen has been found in the Cwm yr 
Abbey Member in Nant y Glasdwr (loc. 3A). It is here associated with Porterfieldia punctata 
(type locality) and Merlinia rhyakos sp. nov. It is of prc-hirundo Zone age. 

Description. Length of cephalon exceeding that of thorax, which is about same length as pygi- 
dium. Maximum transverse width of cephalon about 1*4 times sagittal length, less than one-third 
of width occupied by dorsal aspect of eyes in least-distorted specimens (PI. 4, fig. 9), although 
flattening tends to lay out visual surfaces horizontally, which therefore appear wider. Glabella 
expands in width forwards, maximum at about one-third glabellar length, tapering forwards 
thereafter, axial furrows enclosing an angle of 30°-40°. Front margin of cephalon downturned, 
gently rounded about mid-line, transverse width about two-thirds maximum glabellar width. There 
are no impressions of muscle insertion areas on the glabella, which is completely smooth except for 
a few terrace lines around anterior margin. Palpebral rims narrow, defined by distinct palpebral 
furrows, but only adjacent to anterior, tapering part of glabella. Posteriorly palpebral lobes are 
incorporated into median cephalic area. Postocular fixed cheeks minute, triangular. Facial sutures 
cut posterior margin of cephalon at an acute angle, anteriorly closely following outline of glabella. 
Along front margin of glabella sutural outline is not well preserved, and line of separation from 
cephalic doublure not visible on the one specimen with cheeks not disturbed. Doublure shows no 
indication of median or connective sutures. Free cheeks when in life orientation probably had a 
large part of their visual surfaces directed dorsally and laterally - this observation is based on the 
specimen in PI. 4, fig. 9, which has the eyes attached, although both are slightly crushed. Eyes with 
curved inner margins, relatively narrow for a cyclopygid, length about four times transverse 
width, and widely separated at anterior margin of cephalon. Number of files of lenses (counted 
laterally across the visual surface) about fifteen to twenty. Cheek borders narrow, progressively 
so anteriorly. 

Thorax with six segments, expanding in width backwards, axis tapering posteriorly, gently at 
first but more so on last three segments, such that axial furrows enclose an angle of about 30°- 
40°. Pleurae correspondingly wider backwards, those of sixth segment twice as wide as those of 
first. Anterior pleurae pointed, and particularly the first segment has a large, downturned facet. 
Posterior pleurae truncated and without obvious facets, which suggests that much of the dorso- 
ventral movement in this species was confined to the cephalic region. Articulating half-ring of 
first thoracic segment (PI. 4, fig. 9) is correspondingly broad (sag.), with a deep and wide defining 
furrow and a convex, upturned anterior rim, those on posterior segments are much narrower 
(sag.). Pleural furrows narrow, oblique, extending almost to tips of pleurae. 

Pygidium about two-thirds as long as wide with an evenly curved posterior margin. Convexity 
and fine details cannot be described owing to the poor preservation of available material. Almost 
pointed axis extends to about half pygidial length and continues posterior taper of thorax. Only 
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one axial ring is distinctly defined; there are faint indications of a second. Similarly, there is a 
single pair of anterior pygidial pleural furrows, which continue into the posterior border furrows. 
These are deepest laterally, becoming shallower posteriorly, and hardly continued behind the 
axis, thereby defining narrow posterolateral pygidial borders. Doublure and surface sculptural 
details not known. 

Discussion. It is difficult to compare the Carmarthen specimen directly with Salter’s type material 
because of their difference in preservation. Specimens that Salter identified with M. grandis, and 
which agree in preservation, pygidial morphology and locality with the type, can be compared 
more directly with the Carmarthen specimen. The specimen shown in PI. 4, fig. 5 shows well the 
diagnostic cranidial outline and the curved form of the eyes; furthermore, the posteriorly in- 
complete palpebral furrows (present on the left side of the Carmarthen specimen) are clear on 
both sides of the cranidium. There is a second species associated with M. grandis in the St David’s 
Arenig rocks; Salter (1864b : pi. 4, fig. 8) figured the pygidium of this species as a variety of M, 
grandis, but the border is deeper and more clearly defined than in M. grandis, and it is more likely 
to belong to a Pricyclopyge species. 




Fig. 9. Reconstruction of dorsal exoskeletons of : a, Microparia grandis (Salter) and b, 
Microparia nuda Whittard, to summarize diagnostic differences. (Both approx, x 2\.) 



M. grandis differs from the type species, M, speciosa (Marek 1961 : pi. 3, figs 5, 6, 11) in its 
outward-bowed cranidium, number of thoracic segments and narrow pygidial axis, but agrees 
in the wide anterior separation of the eyes. A similar separation is also shown by M. nuda 
(Whittard 1961 : 180-182; pi. 24, figs 5-10) from the Llanvirn of the Shelve district, Shropshire, 
and like M, grandis this species has 6 thoracic segments (fig. 9); it differs from M. grandis in having 
a parallel-sided or gently forward-tapering cranidium, and a pygidium with longer, gently tapering 
axis. Whittard (1961 : 181, 182) indicated that M, grandis might be conspecific with his species 
M. nuda; present evidence shows that they are distinct. M. broeggeri (Holub 1912 : 7; pi. 1, fig. 8; 
Marek 1961 : 45; pi. 3, fig. 16), from the Arenig Klabava Formation of Bohemia, is known from 
a single specimen which is now lost. Holub’s original illustration shows that this species has a 
pygidium similar to that of Af. grandis, but apparently only 5 thoracic segments, and so conspeci- 
ficity is unlikely. 



260 



R. A. FORTEY & R. M» OWENS 



Whittard (1961 : 184; pi. 24, fig. 14) described a pygidium (which he termed Cyclopygid C) 
preserved in relief from the Mytton Flags; it may be conspecific with M. grandis. It shows a 
single axial ring, and the rather narrow, short axis that distinguishes pygidia of M. grandis from 
those of other Microparia species. 



Family ASAPHIDAE Burmeister 1 843 
Generic assignment of the Asaphids 

The systematics of asaphids is a persistent problem which has been tackled, though far from 
solved, by several authors over the past 20 years, in particular by Harrington & Leanza (1957), 
Jaanusson {in Moore 1959), Whittard (1964) and Hughes (1973). Arenig asaphids from Wales 
and the Borderland have been grouped in several ways. Whittard (1964 : 232, 238) placed them in 
Ogygiocaris Angelin 1854, with the species O. selwynii (Salter in Murchison 1859), O. marginata 
(Crosfield & Skeat 1896) and O. murchisoniae (Murchison 1839). Whittington (1966 : 496) placed 
selwynii in Ogygiocaris with much reservation, while Bates (1969b : 17) synonymized selwynii and 
marginata with murchisoniae, which he assigned with question to Megalaspidella Kobayashi 
1937. Some or all of these authors considered other putatively related genera such as Ogyginus 
Raymond 1912, Ogygiocarella Harrington & Leanza 1957 and Hoekaspis Kobayashi 1937. Thus, 
in attempting to assign the asaphids to a genus, it is necessary first to consider a group of early to 
middle Ordovician genera to which they show a greater or lesser degree of resemblance. 

Ogygiocaris 

There has been some discussion as to how this genus should be defined. Henningsmoen (1960 : 21 1 ; 
pi. 1, figs 1-6) redescribed the type species, Trilobus dilatatus Briinnich 1781, together with a 
number of other species from the Ogygiocaris Series, Stage 4aa (Llanvirn-Llandeilo) of the Oslo 
district, Norway. He noted (1960 : 214) that these had in common a scalloped inner margin to the 
pygidial doublure and a similarly scalloped paradoublural line on the dorsal surface of the 
pygidium, and suggested that the genus be restricted to species possessing this character. 

Whittard (1964 : 231) did not consider this criterion to be of generic rank, and thus included 
selwynii, which has an entire pygidial doublural margin, as well as seavilli Whittard 1964, which 
has a scalloped one, in Ogygiocaris, He also noted that the scalloping was developed in Ogygio- 
carella debuchii (Brongniart 1822), but followed the convention in classifying asaphids on the 
basis of position of the facial suture in front of the glabella. Thus he perpetuated the separation 
of Ogygiocaris from Ogygiocarella Harrington & Leanza (1957 : 161) based on the position of 
the suture, intramarginal in the former, marginal in the latter. 

All Ogygiocaris species with a scalloped pygidial doublure are of Llanvirn or Llandeilo age, 
and despite the fact that Whittard (1964 : 244) claimed that O. seavilli (from the Lower Llanvirn) 
was ‘stratigraphically much older’ than the Scandinavian species, the range of the latter extend 
at least as far back as the Upper Llanvirn (cf. Strand & Henningsmoen 1960 : 140, 141 ; PI. 7 and 
Henningsmoen 1960:215, fig. 3; 221), so that the possible age difference at the most cannot 
be great. Fortey (1975b: 23) described an Arenig species, Gog catillus, which has a scalloped 
pygidial doublure and suggested it might be ancestral to Ogygiocaris. The species and subspecies 
0. dilatata, O. sarsi sarsi Angelin 1878, O. sarsi Angelin 1878 regina Henningsmoen 1960, O. 
sarsi Angelin delicata Henningsmoen 1960, O. striolata striolata Henningsmoen 1960, O. striolata 
corrugata Henningsmoen 1960 and O. seavilli all have a combination of similar cephalic and 
pygidial characters; Ogygiocarella debuchii is also very close to some of these, in particular O. 
seavilli, O. sarsi sarsi and O. sarsi regina. Within this group, there is variation in the expansion 
of the frontal lobe of the glabella (cf. Harrington & Leanza 1957 : 161 and Whittard 1964 : 231), 
as well as in the presence or absence or strength of pygidial interpleural furrows (despite Jaanus- 
son’s {in Moore 1959 : 0352) observation that the pygidial pleural ribs are unfurrowed in Ogygio- 
caris). While precise details of the strati graphical occurrence of some Scandinavian species are 
unknown, Henningsmoen (1960: 216) has been able to make some general observations and to 
postulate the probable order of appearance. The species listed above do seem to form a natural 
phyletic group, and one unifying character is the scalloped pygidial doublure. Although Whittard 
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(1964 : 231) dismissed this as a generic character (for no obvious reason) it is here considered to 
be significant in that it is one of the only ‘presence or absence’ characters to be found in these 
trilobites; other characters are highly variable. It is absent in all the other early to middle Ordo- 
vician asaphids, and thus serves to define and to identify easily the close-knit group of species 
discussed above; there is one exception, and that is O. debuchii, excluded from Ogygiocaris only 
on the basis of its supposed marginal suture. It is highly doubtful if this character really is of 
generic rank, because, as Whittard has stated (1964: 232), a very slight shift in suture position 
would convert one genus to the other. This makes the definition of O gygiocarella arbitrary. There 
is, however, no good reason to assign the Arenig asaphids from south Wales to Ogygiocaris, nor 
to consider them closely related to that genus. 

Ogyginus 

This genus, type species Asaphus corndensis Murchison 1839, occurs in the Llanvirn and Llandeilo 
of Wales and the Borderland. The species O. corndensis, O. intermedius Elies 1940, O, porcatus 
Whittard 1964 and O. grandis Whittard 1964 have been described. The genus is similar to Ogygio- 
caris in its intramarginal suture; Whittard (1964 : 245) claimed that the suture was marginal but 
Hughes (1973 : 15) has shown that earlier interpretations that it is intramarginal are correct. It 
differs, however, in the flask-shaped glabella, typically with a well-expanded frontal lobe and in 
having an entire pygidial doublural margin. The pygidial pleural ribs are commonly unfurrowed 
and reach close to the pygidial margin; the pleural furrows are deep. The pygidium is proportion- 
ately longer and more parabolic than that of Ogygiocaris. All the above species depart little from 
the basic pattern of the genus, which forms an easily recognizable unit. 

Hoekaspis 

The type species, Megalaspis matacensis Hoek in Stein mann & Hoek 1912, is from the middle 
Ordovician of Bolivia and is based on very incomplete material. Kobayashi (1937 : 496), however, 
used it to found his genus Hoekaspis. He also assigned a second species to it, which, like the type, 
is based on similarly incomplete and badly preserved material. 

Ross 1965 (pi. 8, figs 8, 9, 12, 13, 16, 19) has figured topotype material of the type species of 
Hoekaspis, and we have examined the only surviving specimen (a pygidium) of Hoek’s original 
collection. Bates’ (1969b: 21) comparison of Welsh Arenig asaphids with Hoekaspis was pre- 
sumably based on the Hoekaspis species figured in the Treatise (Moore 1959 : 0346), H. mega- 
cantha (Leanza 1941) from the Llanvirn of Argentina. The type species, H. matacensis, differs 
from both the Welsh material and H. megacantha in its wide pygidium with almost unfurrowed, 
convex pleural fields, and with a strongly furrowed and deeply defined axis, and a very narrow 
cranidial anterior border sharply defined from the steeply sloping frontal lobe of the glabella. 
H. megacantha is probably best excluded from Hoekaspis and included with the Welsh species 
in the same genus (below). 

Megalaspidella 

The type species, MegalaspidellakayseriY^oh 2 iy 2 iS\\\ 1937, is from the Arenig of Argentina (see Har- 
rington & Leanza 1957 : 162-164, fig. 73). Its pygidial characters are similar to those of the Welsh 
species from the Arenig, but the pleural furrows are not as deep as in Ogyginus. The principal 
distinguishing features of Megalaspidella are the parallel preocular facial sutures, the glabella 
hardly encroaching onto the anterior border. The glabellar surface is practically smooth, with 
hardly any indication of muscle impressions. 

It is difficult to place the British Arenig species into any of the above; if Ogygiocaris is to be 
restricted as suggested, then they can clearly be excluded from that genus; this would broadly 
follow Whittington (1966) and Bates (1969b). The species currently assigned to Ogyginus form a 
close-knit group of Llanvirn and Llandeilo species; the Arenig species are very similar to them 
in cephalic characters, but differ in pygidial ones, especially in lacking the characteristic deep 
pleural furrows. Hoekaspis, sensu stricto, is not related. Megalaspidella differs particularly in its 
parallel preocular sutures and glabella hardly encroaching onto the anterior border. 
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Within the genera discussed above, there are two major groups - one comprising Ogygiocaris 
and Ogygiocarella (if the latter is to be regarded as being distinct) and the other comprising 
Ogyginus and Megalaspidella. The Welsh Arenig asaphids are closer to the latter than the former. 
Without an understanding of their phyletic relationships, it is difficult to know how to define 
them realistically; indeed it is only possible at present to group together similar morphotypes 
which might be plausible phyletic units. Within the asaphids, as with many other trilobite groups, 
there appears to have been a pool of characters which recur repeatedly in various combinations 
within the group; rapid adaptation at different times to similar environments led to a succession 
of similar-looking genera appearing from different asaphid stocks. There are few good ‘presence 
or absence’ characters available - the scalloped pygidial doublure appears to be one of the few. 

Two alternatives are open with regard to the British Arenig asaphids. One is to follow the 
example of Whittington and Bates and to assign species questionably to the closest available 
genus. This often ‘fogs’ the true relationship of the species, and results in paraphyletic taxa. The 
second alternative is to propose a new genus. Both Whittington and Bates declined to do this, 
a conservative view in accordance with the distorted material available to them. We have now 
good additional material of old and new species, from which it is possible to identify a combina- 
tion of common characters which preclude their inclusion in any of the above genera. Thus we 
feel justified in erecting a new genus to accommodate them; its validity can only be tested when 
the phylogeny of this complex group is better understood, but we feel that to take this step is 
the best compromise in the present state of knowledge. 

Subfamily OGYGIOCARIDINAE Raymond 1937 
[nom. correct. Jaanusson 1959 ex Ogygiocarinae Raymond 1937] 

Remarks. The new Arenig asaphid genus described below is considered to be closely related to 
Ogyginus and Megalaspidella. While the former was placed in the Ogygiocaridinae by Jaanusson 
{in Moore 1959:0352) the latter was placed by the same author {in Moore 1959:0346- 
347) in the subfamily Isotelinae ‘Group B’. Since these genera may be closely related, they might 
be better included in one subfamily. However, since asaphid phylogeny is still poorly understood, 
rearrangement at subfamily level at this stage is premature, and for the moment they are placed, 
somewhat arbitrarily, in the Ogygiocaridinae. 

Genus MERLINIA nov. 

Diagnosis. Suture intramarginal; preocular sections divergent; glabella encroaches onto anterior 
border, and is flask-shaped and forward-expanding or nearly parallel-sided in mature specimens, 
parallel-sided in immature; no occipital ring defined, but muscle areas commonly present; 
cephalic border flat, cephalic border furrow typically crosses preocular cheek to terminate in 
hypostomal pit close to axial furrow; hypostoma with entire posterior margin which is acuminate; 
thoracic segments with pleurae distally pointed; pygidium with doublure with entire inner mar- 
gin; pleural furrows weak, not reaching margin; interpleural furrows commonly absent; pygidial 
border weakly defined. Panderian organs apparently lacking. 

Name. From Merlin, the legendary Arthurian magician, from whose name Carmarthen is 
derived, and with whose legends this asaphid is associated. Feminine. 

Type species. Merlinia rhyakos gen. et sp. nov. 

Discussion. The defining characters of genera related to Merlinia have been discussed above, 
pp. 260-261. Merlinia includes five species (Arenig-Llanvirn) : M. rhyakos sp. nov., M. selwynii 
(Salter), M. major (Salter), M. murchisoniae (Murchison) and M. megacantha (Leanza). M. 
murchisoniae (Murchison) is the oldest of these, and is furthest morphologically from the type 
species, having only a short, cranidial section of the anterior border furrow, and generally 
broader borders than the other species. It is possible that M. murchisoniae was derived from an 
Asaphellus-WkQ ancestor in the late Tremadoc, being similar to that genus in its hypostoma and 
broad cephalic and pygidial borders. The evolution of the genus in the Arenig was accompanied 
by a forward migration of the anterior border furrow - and hence an increasing definition of its 
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C D 

Fig. 10. Diagram summarizing salient points of difference between Merlinia species from the Arenig 
of Wales and the Welsh Borderland. A, M. rhyakos sp. nov. B, M. selwynii (Salter). C, M. major 
(Salter). D, M. murchisoniae (Murchison). 



cranidial section. This distinct furrow is a characteristic feature of Merlinia, which is absent from 
Ogyginus and Megalaspidella. 



Merlinia rhyakos gen. et sp. nov. 

(Figs 10-11 ; PI. 5, figs 1-6; PI. 6, figs 1-5) 

V.1896 Ogygia marginata Crosfield & Skeat pars : 538; pi. 26, fig. 14 [non figs 13, 15-18, 20-25, =M. 
selwynii (Salter); nec figs 19, 26, =M. murchisoniae (Murchison)]. 

Diagnosis. Cephalic axial furrows shallow, preglabellar furrow almost effaced; frontal glabellar 
lobe hardly inflated, with dense prominent terrace lines; inner section of lateral border furrow 
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and hypostomal pit shallow; line at 0-33-0-37 of sagittal cranidial length; hypostoma with 

prominent terrace lines and long posterior acumination; pygidial doublure narrow, short, wavy 
terrace lines on dorsal pygidial surface, extending onto adaxial parts of pleural fields. 

Name. Genitive of Greek pvoci, a mountain stream or torrent swollen by rains. 

Holotype. BM(NH) It 14024 (PI. 5, fig. 1), a nearly complete internal mould, lacking the crani- 
dium, but exposing the hypostoma. 

Type Locality and Horizon. High Cwmffrwd Member, from Cwm yr Abbey, loc. 16D. 
Other occurrences. Af. rhyakos has been found in the Cwmffrwd Member in Cwm yr Abbey, 
at the type locality, in Nant Cwmffrwd loc. 2 A, and Allt Pen-y-Coed Iocs 5A, 5B, 5C, 5E; it 
has been found in the Cwm yr Abbey Member in Cwm yr Abbey Iocs 16E, 16F and in Nant y 
Glasdwr Iocs 3A, 3B. 

Description. Cranidium depressed, and with exception of lateral border furrow lacking any 
deep furrows. Glabella parallel-sided, width about f length, defined by very shallow axial furrows 
which merge anteriorly with nearly effaced preglabellar furrow, which is discernible only as a 
slight change in slope. Glabella encroaches upon anterior border to reduce its width by half 
sagittally. Muscle impressions hardly apparent except as very weak depressions on dorsal surface. 
IP runs from slight lateral constriction of glabella (this is a short distance behind level of palpebral 
lobe) running backwards and towards, but not reaching, the posterior margin at about 45° in a 
weak, adaxially convex curve. 2P opposite e/C, nearly transverse. 3P opposite y or just behind, 
slightly forwardly directed. Frontal lobe with 15-20 dense, anastomosing terrace lines, of which 
the more posterior ones are shallower, extending backwards laterally as far as 3P, and about 
half this distance sagitally. Extreme anterior part of frontal lobe, where it impinges upon anterior 
border, is smooth. 

Occipital ring not defined, although very weak trace of occipital furrow is to be seen on some 
specimens a short distance in front of posterior margin. Median tubercle fainter than on other 
species of the genus, far back, not visible on several specimens. Three or four terrace lines occur 
close to posterior margin sagittally. 

Anterior border with 3-4 rather weak terrace lines on its anterior part; posterior part smooth. 
Shallow, narrow, lateral border furrow deepens into hypostomal pit where it meets axial furrow, 
the section on cranidium forming a weakly forward-convex arc. Whole lateral border almost flat. 

Preocular facial suture divergent at 30°-40° from an exsagittal line through y. Postocular suture 
defines, broad, triangular postocular fixed cheek; backward divergence less than that of M. 
selwynii. Palpebral lobe away from axial furrow, ejl further from it than y. Eye small, crescentic, 
separated by width of lateral border from lateral border furrow at its closest. Field of free cheek 
broad, weakly convex. Lateral border and doublure narrow, of more or less constant width, the 
latter widening conspicuously, with its inner margin mirroring dorsal lateral border furrow close 
to hypostoma. Genal spine narrow-based, with no panderian opening on the doublure near its 



Plate 5 

Merlinia rhyakos gen. et sp. nov. Early Arenig, Carmarthen Formation, Cwmffrwd and Cwm yr Abbey 
Members. 

Fig. 1. Holotype, almost complete dorsal exoskeleton, lacking cranidium, but showing hypostoma in 
situ. Note sculpture on free cheek and pygidium. Cwmffrwd Member, Cwm yr Abbey, loc. 16D. 
It 14024. X li 

Fig. 2. Hypostoma, counterpart of Fig. 1. Note maculae and distribution of terrace lines, x 3. 

Fig. 3. Cranidium, showing terrace lines on frontal lobe of glabella and extension of lateral border 
furrow onto fixed cheek. Cwm yr Abbey Member, Nant y Glasdwr, loc. 3 A. It 14025. x 2J. 

Fig. 4. Latex cast of parts of five thoracic segments, showing fine details of dorsal surface sculpture. 

Cwm yr Abbey Member, Nant y Glasdwr, loc. 3 A. It 14026. x 2\. 

Fig. 5. Cranidium. Note fine terrace lines close to posterior margin of glabella. Cwm yr Abbey Member, 
Nant y Glasdwr, loc. 3 A. It 14027. x 3. 

Fig. 6. Thorax and pygidium. Original of Crosfield & Skeat 1896 : pi. 26, fig. 14. Cwmffrwd Member, 
Nant Cwmffrwd, probably from close to our loc. 2A. SM A3 107. x IJ. 
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base, extending backwards as far as sixth thoracic segment. Posterior border furrow very shallow, 
hardly apparent. 

Hypostoma | as wide across anterior wings as long (sag.). Tapers fairly strongly backwards, 
posterior margin acuminate. Anterior wings broad, anterior margin quite strongly forwardly 
convex. Lateral border narrow, widest at its mid-length and separated from median body by 
broad, shallow furrow: Narrows markedly where it meets posterior border, which is short and 
lip-like. Pair of prominent maculae about | way back on lateral parts of median body, opposite 
widest part of lateral border. Whole of median body covered with prominent terrace lines; 
anterior ones weakly convex backwards, but towards posterior become increasingly more so on 
median body, so as to form deep Us in region of maculae. Sagittally, terrace lines widely spaced 
as far back as maculae, where they become more crowded, and are similarly crowded laterally. 
Both lateral and posterior margins with terrace lines, and weak ones also developed in lateral 
and posterior border furrows. 




Fig. 11. Reconstruction of dorsal exoskeleton of Merlinia rhyakos gen. et sp. nov., x 1 J approx. 

Thorax of 8 segments, which decreases in width (trans.) backwards only slightly. Axis less than 
pleural width, weakly convex; axial furrows zigzag. Articulating furrow narrow and deep, weakly 
backwardly convex; articulating half-ring approximately half length (sag.) of annulus, its margin 
weakly convex forwards. Pleura with deep, oblique pleural furrow of about equal depth all along, 
beginning close to anterior margin adaxially and diverging from it slowly abaxially, to about 
half way across pleura (exsag.) where it dies out, about f distance towards end of pleura. Antero- 
lateral corner of pleura rounded, posterolateral drawn out into a short spine. Inner edge of 
doublure forms an inward-facing V with its apex at end of pleural furrow: posterior shorter 
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than anterior part whicti has coarse terrace lines running parallel to its inner margin. No panderian 
opening has been observed. Finer terrace lines run transversely on dorsal surface of end of pleura, 
and these are commonly impressed onto the internal mould by compression. 

Pygidium parabolic, on undistorted specimens of length/width ratio about 0-6, with narrow, 
flat border of constant width. Axis narrow, defined by rather shallow axial furrows which are 
weakly adaxially bowed. Eleven or twelve rings weakly defined, ring furrows commonly hardly 
apparent on dorsal surface, but more obvious on internal moulds. Posterior tip of axis reaches 
close to or touches inner edge of border. Pleural fields (inside paradoublural line) anteriorly 
broader (trans.) than both axis and doublure, with 7-8 pairs of pleural ribs. Pleural furrows 
almost straight or weakly curved, very shallow on dorsal surface, posterior ones more or less 
effaced; more conspicuous on internal moulds, and may be accentuated on compressed material. 
Interpleural furrows not seen on dorsal surface, although weak ones can be observed on some 
internal moulds. Doublure as wide as border, nearly flat, with about 9-10 strong terrace lines 
which laterally run subparallel to and more exsagittal than its margins. Dorsal surface carries 
fine, scalloped terrace lines which extend onto the adaxial parts of the pleural fields. 

Discussion. This species is distinguished from M. selwynii principally by its lack of glabellar 
inflation, short preglabellar border, shallow axial and preglabellar furrows, the strong develop- 
ment of terrace lines on the frontal lobe of the glabella and the presence of terrace lines on the 
adaxial parts of the pygidial pleural fields, and the outline and terrace line pattern on the hypo- 
stoma. It is most similar in its cranidial characters to specimens from the Mytton Flags, described 
and figured by Whittard (1964 : 232; pi. 35, figs 1-3; pi. 34, fig. 7) as Ogygiocaris selwynii. One 
of these specimens (1964 : pi. 35, fig. 3) is a syntype of Salter’s (1866b : pi. 9, fig. 5) ‘O. selwynii 
var. major". All these cranidia, as well as the other Mytton Flags '‘selwynii"^ are clearly distinct 
from selwynii as understood herein (see below), and we here resuscitate Salter’s variety as a dis- 
tinct species of Merlinia to accommodate the Mytton Flags material. The glabellar shape is like 
that of M. rhyakos, but the axial and preglabellar furrows are better defined, as are the muscle 
areas; the terrace lines on the frontal lobe are much finer, and the lateral border furrow and 
hypostomal pit are conspicuously deeper. The cephalic and pygidial doublures are also much 
broader, and the pygidial pleural furrows deeper. 

The cranidium from the Henllan Ash figured by Whittington (1966 : pi. 3, fig. 6) as Ogygio- 
caris ? cf. selwyni is like M. rhyakos in the strength and distribution of terrace lines on the frontal 
glabellar lobe, but the anterior border is somewhat more convex, and the anterior border furrow 
and hypostomal pits deeper - in these respects it is like M. major. This single specimen is difficult 
to place, but on balance would seem closer to M. major than to M. rhyakos. 

Symmetrically elongated specimens (PI. 6, fig. 4) can present a spurious appearance of a distinct 
species. However, they show the same dorsal surface sculpture of M. rhyakos^ and the sagittal 
extension on the thorax (about 1 -2 times sag.) of these specimens, compared with the undistorted 
holotype, is matched by a comparable pygidial extension. 

Hoekaspis megacantha (Leanza), from the early Llanvirn of Argentina (Harrington & Leanza 
1957 ; 179-180; figs 88, 89), is here attributed to Merlinia (p. 262), resembling as it does M. 
rhyakos more than other species herein in the width of the cranidial border, the forward position 
of the eye and the pygidial surface sculpture (1957 : fig. 89; 2, 4). The main points of difference 
are the more forward position of the eyes such that is at about 0-4 of the sagittal length 

of cranidium, the inflated glabellar frontal lobe, apparently smooth, and the short cranidial section 
of the anterior border furrow. It is interesting to note that M. selwynii, M. rhyakos and M. 
megacantha form a morphological series characterized by a progressive forward shift of the 
eyes. It is significant that the M. rhyakos is found in the olenid community with postulated 
increased independence of faunal provinces, in which a subsequent migration to South America 
is more easily understood. 

Merlinia selwynii (Salter in Murchison 1859) 

(Fig. lOB; PI. 6, figs 6-8; PI. 7, figs 1-9; PI. 8, figs 1-7) 

.1853 Asaphus Selwynii Salter : 57 [nom. nud.]. 

.1854 Asaphus Selwynii Salter; Morris : 100 {nom. nud.]. 
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v*.1859 Ogygia Selwynii Salter in Murchison : 53, fig. 8. 

V. 1866a Ogygia Selwynii (Salter); Salter pars : 136; pi. 17, fig. 3 [non figs 1, 2, 4-7, =Merlinia major 
(Salter)]. 

V. 1866b Ogygia Selwynii (Salter); Salter pars: 255, 313; pi. 9, figs 2-4, 4a [non pi. IIB, figs 5, 5a, 
= M. major (Salter)]. 

Ogygia Selwynii (Salter); Morton : 15 [=M. major (Salter)]. 

Ogygia Selwynii (Salter); Salter pars: 23 [pars = M. major (Salter)]. 

Ogygia Selwynii (Salter); Salter & Etheridge pars: 375, 380, 509; pi. 9, figs 2-4, 4a [non 
pi. IIB, figs 5, 5a, =M. major (Salter)]. 

Ogygia marginata Crosfield & Skeat pars: 538; pi. 26, figs 13, 15-18, 20-25 [non fig. 14, 
= M. rhyakos sp. nov.; nec figs 19, 26, =M. murchisoniae (Murchison)]. 

Ogyginus marginatus (Crosfield & Skeat) Reed : 461. 

Niobella selwyni (Salter) Reed : 463. 

Ogygia selwyni (Salter); Jackson : 40 [=M. major (Salter)]. 

Ogygiocaris selwynii (Salter) Whittard pars : 232; pi. 37, fig. 1 [non pi. 34, figs 7-13; pi. 35, 
figs 1-4, 6-9; pi. 36, figs 1-7; pi. 37, figs 2-1 1, =M. major (Salter); nec pi. 35, fig. 5,?===A/. 
murchisoniae (Murchison); nec pi. 35, fig. 10, —'Asaphus" hybridus Salter]. 

Ogygiocaris marginata (Crosfield & Skeat); Whittard : 237; pi. 36, figs 8-10. 

Ogygiocaris 1 cf. selwyni (Salter); Whittington pars: 496; pi. 2, figs 9, 11-12; pi. 3, figs 1, 
5, 7-9; pi. 4, fig. 16 [non pi. 2, figs 7, 10; pi. 3, figs 2, 10-11, =Merlinia murchisoniae 
(Murchison); nec pi. 3, fig. 6, ? =M. major (Salter)]. 

Ogygiocaris selwynii (Salter); Bates : 179; pi. 12, figs 1-2, 5-6 [=Merlinla sp.]. 

V. 1969b Megalaspidella (?) murchisoniae (Murchison); Bates pars: 17 [non pi. 6, figs 1-6; pi. 7, 
figs 1-9; pi. 8, figs 1, 2, 5, =Merlinia murchisoniae (Murchison)]. 

(Note: Besides those of Whittard’s (1964) synonymy entries which refer to M. major (see below), we have 
excluded some references to faunal lists since we cannot judge whether these refer to M. selwynii^ M, 
major or to another species.) 



.1869 

.1873 

V.1881 

V.1896 

.1931 

.1931 

.1952 

V.1964 



V.1964 

V.1966 



non .1968 



Diagnosis. Differs from M. rhyakos in having deep axial and preglabellar furrows, inflated 
frontal glabellar lobe with very fine terrace lines, deep inner section of lateral border furrow and 
hypostomal pit, line at 0-27-0-32 of sagittal cranidial length; hypostoma with fine terrace 

lines, and bluntly acuminate posteriorly; very fine terrace lines on pygidial pleural fields. 

Holotype. SM A44425 (by monotypy), immature pygidium collected by Salter and Sedgwick, 
1844. 

Type Locality and Horizon. Arenig Series, Basement Group, Hengwrt Uchaf near Dolgellau, 
Gwynedd (see also Whittard 1964 : 236-237). 



Plate 6 

Merlinia rhyakos gen. et sp. nov. Early Arenig, Carmarthen Formation, Cwmffrwd and Cwm yr Abbey 
Members. 

Fig. 1. Pygidium with dorsal surface preserved. Cwm yr Abbey Member, Nant y Glasdwr, loc. 3A. 
11 14028. x2i 

Figs 2, 3. Free cheek, internal mould. Cwm yr Abbey Member, Nant y Glasdwr, loc. 3 A. It 14029. 
x3J; Fig. 3 eye x 10. 

Fig. 4. Silicone rubber cast of tectonically-elongated specimen. Compare details of sculpture with 
Figs 1, 5 and PI. 5, figs 1, 4. Cwm yr Abbey Member, Cwm yr Abbey, loc. 16E. It 14030. x IJ. 

Fig. 5. Pygidium. Compression has impressed terrace lines of doublure onto dorsal surface, and accentu- 
ated depth of pleural furrows. Compare with Fig. 1. Cwmffrwd Member, Allt Pen-y-Coed, loc. 5D 
(EX5). GSM JP4696. x li 

Merlinia selwynii (Salter 1859). Early Arenig, Carmarthen Formation, Pibwr Member. 

Fig. 6. Ventral side of cephalon, with hypostoma in situ. Gian Pibwr, loc. lA. It 14031. x 3. 

Fig. 7. Hypostoma. Note arrangement of fine terrace lines. Gian Pibwr, loc. lA. It 14032. x4. 

Fig. 8. Moult, with inverted cephalon and hypostoma partially underlying thorax. Gian Pibwr, loc. 1C. 
It 14033. X 24 . 
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Other occurrences. M, selwynii, forma typica, occurs in the Pibwr Member: it is particularly 
common at Gian Pibwr (Iocs lA-D), and also occurs at Pibwr Weir (loc. 4), Cwm-difa (Iocs 
15 A, B), dingle 970 m at 65° from Nant y Caws (Survey locality WAS) and Penddaulwyn fawr 
(Survey locality EA5). Stratigraphically high forms occur in the high Pibwr Member at Allt 
Pen-y-Coed (Iocs 5F-H) and in the Cwmffrwd Member at Nant Cwmffrwd (loc. 2A). 

Description. Cranidium with posterior width about two-thirds width across anterior border. 
Glabella elongate, more or less parallel-sided, frontal lobe weakly expanded and slightly inflated 
in some large specimens. Basal width 04 (in smaller) to 0*5 (in larger specimens) times sagittal 
length. Defined by shallow, narrow axial furrows, which are shallower in the palpebral region and 
merge anteriorly with shallower preglabellar furrow, which in larger specimens is comparatively 
ill-defined and broader. Glabella encroaches slightly onto anterior border to reduce its width 
by between J and J. Muscle impressions weak and hardly apparent on some small specimens 
(PI. 7, fig. 6), but fairly conspicuous on larger ones (PI. 7, fig. 1). IP opposite mid-point of an 
exsagittal line from ejl to posterior margin, and is short, shallow and nearly transverse. 2P 
opposite e/f, backwardly oblique at about 45°; between it and IP is a small, triangular raised 
area. 3P a broad, triangular area, directed a little less strongly backwards than 2P, its antero- 
lateral angle opposite y. There is an ovoid, raised area between 2P and 3P. On some less crushed 
specimens muscle impressions and intervening raised areas are almost effaced. They are thus 
accentuated by slight compression. Frontal lobe has extremely fine terrace lines, their disposition 
like that of M. rhyakos. 

Occipital band defined by very weak, forwardly-arched furrow, which meets posterior border 
at axial furrows, thereby defining a very narrow, lozenge-shaped depressed area. Median tubercle 
present a short distance in front of crescent-like impression of doublure, more prominent than 
is the rule on M. rhyakos. 

Anterior and lateral borders rather narrow, weakly convex, with 5-7 weak terrace lines con- 
centrated on outer two-thirds. Shallow lateral border furrow deepens and narrows on cranidium 
where it deepens into hypostomal pit at axial furrow, the cranidial section forming a forward 
convex, gentle arc. Preocular facial suture divergent at an average 50° (compared with 30°-40° 
in M. rhyakos) to an exsagittal line through y, which is close to axial furrow. Postocular suture 
defines broad, triangular postocular fixed cheek. Palpebral lobe fairly close in to axial furrow, y 
closer than Eye of moderate size, crescentic, anteriorly separated from lateral border by a 
width exceeding that of the border. Field of free cheek broad, weakly convex. Doublure rather 
narrow, weakly convex ventrally, its inner edge reaching as far as inner edge of lateral border 
furrow. Genal spine narrow, narrow-based, with no panderian opening on doublure near its 
base. Posterior border furrow shallow and fairly narrow adaxially, broadening markedly on free 
cheek. 

Hypostoma gibbose in outline, as wide (trans.) as long. Tapers rather strongly backwards to 
bluntly acuminate posterior margin. Anterior wing broad, anterior margin forwardly convex. 



Plate 7 

Merlinia selwynii (Salter 1859). Early Arenig, Carmarthen Formation, Pibwr Member. 

Fig. 1. Cranidium. Note fine terrace lines on frontal lobe of glabella. Gian Pibwr, loc. ID. It 14034. x 2. 

Fig. 2. Cranidium. Note weak lateral glabellar furrows. Gian Pibwr, loc. 1C. It 14035. x 5. 

Fig. 3. Free cheek, with part of hypostoma in situ. Internal mould. Gian Pibwr, loc. lA. It 14036. x 3. 

Figs 4, 5. Small cranidium in dorsal and anterior view. Compare elongated, parallel-sided glabella with 
those of large specimens (Figs 1, 7). Gian Pibwr, loc. 1 A (WXl). GSM HT71. x 4. 

Fig. 6. Small cranidium. Note ill-defined frontal lobe of glabella, with fine terrace lines. Gian Pibwr, 
loc. IB. It 14037. x3J. 

Fig. 7. Large, incomplete cranidium. Note fine terrace lines on frontal lobe. Original of Whittard 1964 : 
pi. 36, fig. 9. Gian Pibwr. SM A44350. x 3. 

Fig. 8. Small pygidium. Gian Pibwr, loc. 1C. It 14038. x 5. 

Fig. 9. Large pygidium. Note doublural terrace lines superimposed onto dorsal surface by compression, 
and weak terrace lines on posterior parts of pleural fields. Gian Pibwr, loc. ID. It 14039. x 3J. 
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Lateral border narrow, nearly flat, separated from median body by broad, shallow lateral border 
furrow. Posterior border similar to lateral. Pair of prominent, transversely elongate maculae 
about I way back on lateral parts of median body. Entire median body covered with very fine 
terrace lines, disposed in a pattern similar to that of Af. rhyakos. 

No completely articulated specimens known, but a moult (PI. 6, fig. 8) has 8 articulated thoracic 
segments joined to a pygidium, with the inverted cephalon lying nearby. Details of the thorax 
are essentially the same as M. rhyakos, although the posterolateral points of the pleurae are 
shorter, and the terrace lines on the pleural doublure finer. 

Pygidial length ranging from 0-5 to 0-7 of anterior width with increase in size and allowing for 
distortion; narrow, weakly concave border on small specimens is proportionately wider on larger 
ones, is of more or less constant width, but narrows very slightly forwards. Axis narrow, defined 
by deep, narrow axial furrows which are weakly bowed adaxially. Ten to twelve rings (exact 
number difficult to estimate, since more posterior ones are almost effaced), defined by shallow, 
nearly transverse ring furrows which become progressively shallower, and finally obsolete 
posteriorly. Some specimens (PI. 7, fig. 9) have suggestions of paired muscle impressions and a 
very narrow, weak sagittal linear feature on axial rings. Posterior tip of axis reaches close to or 
just touches inner edge of border. Pleural fields inside paradoublural line anteriorly broader 
(trans.) than both axis and doublure, with 6-7 pairs of pleural ribs. Pleural furrows broad, shallow, 
nearly straight, posterior ones nearly effaced. They tend to be accentuated by compression. 
Interpleural furrows, running parallel with pleural, are seen only on some smaller specimens 
(PI. 7, fig. 8). Doublure as wide as border, weakly ventrally convex and parallel with dorsal surface. 
Fine terrace lines run parallel with margin. Dorsal terrace lines, which run transversely, oblique 
to doublure terrace lines, are commonly impressed onto doublure by compression (PI. 7, fig. 9), 
and do not extend onto adaxial part of pleural fields. 

Discussion. It is unfortunate that the holotype of this well-known and much-quoted species is a 
poorly-preserved, immature pygidium. This has undoubtedly been a major contributory factor 
to the confusion and varied interpretations associated with it in the past. The abundant and well- 
preserved asaphid material from Carmarthen has enabled us to gain a clearer understanding 
both of morphology and stratigraphical occurrence of selwynii and related species. 

In the Geological Museum, Institute of Geological Sciences, there are two topotype pygidia 
(GSM 12874-5) of selwynii, both larger and better-preserved than the holotype. Despite the fact 



Plate 8 

Merlinia selwynii (Salter 1859). Early Arenig, Carmarthen Formation, Pibwr Member. 

Fig. 1. Thorax and pygidium. Lectotype of Ogygia marginata Crosfield & Skeat 1896: pi. 26, fig. 13. 

Refigured Whittard 1964 : pi. 36, fig. 8. Nant Pwntan. SM A3106. x 2. 

Fig. 2. Large pygidium. Gian Pibwr. GSM HT66. x IJ. 

Fig. 3. Pygidium. Note fine terrace lines on pleural fields. Lane near Gian Pibwr Cottage. SM A67995. 
x4. 

Fig. 4. Small pygidium. Compare proportions with larger specimens, and with holotype of Af. selwynii 
(Whittard 1964 : pi. 37, fig. 1). Gian Pibwr, loc. lA. It 14040. x4. 

Fig. 5. Pygidium. Gian Pibwr, loc. lA. It 14041. x 5. 

Fig. 6. Smallest pygidium. Gian Pibwr, loc. lA. It 14042. x 10. 

Merlinia selwynii (Salter 1859). Early Arenig, Basement Group. 

Fig. 7. Topotype pygidium. Hengwrt Uchaf, SW of Drws-y-nant station, near Dolgellau, Gwynedd. 
GSM 12874. x3. 

Merlinia selwynii (Salter 1859), ‘late forms’. Early Arenig, Carmarthen Formation, upper part of Pibwr 
Member. 

Fig. 8. Incomplete cephalon. Allt Pen-y-Coed, loc. 5H. It 14043. x 3. 

Fig. 9. Hypostoma. Compare with that of M. selwynii, forma typica (PI. 6, fig. 7). Allt Pen-y-Coed, 
loc. 5G. It 14044. x4' 

Fig. 10. Cranidium. Allt Pen-y-Coed, loc. EX8. GSM JP4708. x 3. 
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that they are proportionately longer than the holotype (the latter has suffered some distortion, 
and Carmarthen specimens show a proportionate length increase with size increase), all three 
specimens have a narrow axis, narrow doublure of constant width and pleural fields broader than 
axis or doublure. In these respects they can immediately be distinguished from the Mytton Flags 
'selwynii' (see p. 267 and below) as well as from M. mmchisoniae (see p. 280). They differ from 
similarly-sized Af. rhyakos in having a convex axis, deeper axial furrows and more distinct pleural 
furrows. In these same respects they agree with type and topotype specimens of Ogygia marginata 
Crosfield & Skeat, as well as with certain of the specimens from the Henllan Ash figured by 
Whittington (1966 : pi. 3, figs 5, 7, 8 for example) as Ogygiocaris ? cf. selwyni, and with specimens 
from western Lleyn in the collections of the National Museum of Wales (e.g. NMW 27.110.G258 
from Benallt Mine, Rhiw, near Aberdaron). We consider all these occurrences to represent a 
single species, for which the name selwynii has priority. 

Whittard (1964 : 232) described and figured a large suite of specimens from the Mytton Flags 
of the Shelve district as Ogygiocaris selwynii. Specimens from this area have long been con- 
sidered to be ‘typical’ selwynii^ and comparison has commonly been made with such specimens 
in considering this species, rather than those from the type locality. The Mytton Flags specimens 
differ from selwynii as here defined principally in having a consistently broader pygidial doublure, 
stronger pleural furrows and the pleural field inside the paradoublural line anteriorly no wider 
than the doublure (e.g. Whittard 1964 : pL 37, figs 6, 7). The cranidium differs in having shallower 
axial furrows, the glabella encroaching further onto the preglabellar field and the eye closer to the 
lateral border furrow. In cranidial characters, the Mytton Flags "selwyniV are quite similar to 
M. rhyakos (see above). We here consider the Mytton Flags specimens to represent a third species, 
M. major (see above), which is diagnosed below. 

Bates (1968 : 179) figured cranidia and pygidia from the Arenig Carmel Formation, Anglesey, 
as Ogygiocaris selwynii. These specimens have a flat anterior border, the cranidial section of the 
lateral border furrow is short and the pygidial axis is relatively broad and of low relief. These 
characters preclude inclusion in M. selwynii as here defined, but instead indicate affinities with 
M. murchisoniae. 

Merlinia selwynii^ as characterized in the description above, has been found in the lower part 
of the Pibwr Member. Specimens from the upper part of the Pibwr Member from Allt Pen-y- 
Coed, and from the Cwmffrwd Member on Nant Cwmffrwd are here figured (PI. 8, figs 8-10; 
PI. 9, figs 1-7) as ‘stratigraphically high M. selwyniV. They show features intermediate with the 
succeeding species M. rhyakos. For example, the position of the palpebral lobes is almost exactly 
midway between that (forward) of M. rhyakos and (rearward) M. selwynii, forma typica, so that 



Plate 9 

Merlinia selwynii (Salter 1859), ‘late forms’. Early Arenig, Carmarthen Formation, Pibwr and Cwmffrwd 

Members. 

Fig. 1. Incomplete cephalon. Note well-defined frontal glabellar lobe. Cwmffrwd Member, Nant 
Cwmffn^d, loc. 2A. It 14045. x 2. 

Fig. 2. Cranidium. Note nearly parallel-sided glabella. Upper part of Pibwr Member. Allt Pen-y-Coed, 
loc. 5H. It 14046. x4. 

Fig. 3. Pygidium. Compare with M. selwynii, forma typica (e.g. PI. 8, fig. 5). Upper part of Pibwr 
Member, Allt Pen-y-Coed, loc. 5H. It 14047. x4. 

Fig. 4. Small pygidium. Pibwr Member, Nant Pwntan. It 14048. x 5. 

Fig. 5. Pygidium with parts of four attached thoracic segments. Upper part of Pibwr Member, Allt 
Pen-y-Coed, loc. 5H. It 14049. x 2. 

Fig. 6. Small cranidium. Cwmffrwd Member, Nant Cwmffrwd, loc. 2A. It 14050. x 5. 

Fig. 7, Large cranidium. Cwmffrwd Member, Nant Cwmffrwd, loc. 2A. It 14051. x 1\. 

Merlinia murchisoniae (Murchison 1839). Early Arenig, Ogof Hen Formation, upper part of Bolahaul 

Member. 

Fig. 8. Silicone rubber cast of external mould of cranidium. Temporary section at water treatment plant, 
Penddaulwyn Fawr, loc. 12. NMW 76.3G.4. x2. 
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the transverse line connecting is at 0-3-0-35 sag. length (mean 0*33), compared with the 

mean values of 0-35 for M. rhyakos and 0-31 for M. selwynii from the Pibwr Member. We have 
examples (PI. 8, fig. 10) of cranidia of stratigraphically high M. selwynii with terrace lines on the 
frontal lobe of the glabella approaching M. rhyakos in prominence. So there is apparently com- 
plete intergradation between the two species. We do not name a third species for stratigraphically 
high M. selwynii partly because of the difficulties of framing a diagnosis for such an intermediate, 
and because it is not possible to specify where, on such a spectrum, the holotype of M. selwynii 
from north Wales lies. 



Merlinia major (Salter 1 866) 

V. 1866a Ogygia Selwynii (Salter); Salter pars : 136; pi. 17, figs 1, 2, 4, 7 [non fig. 3, = Merlinia selwynii]. 
V. 1866b Ogygia Selwynii (Salter); Salter pars : 255, 313; pi. IIB, figs 5, 5a [non pi. 9, figs 2-4, 4a, = M. 
selwynii]. 

V*. 1866b Ogygia Selwynii var. major Salter: 314; pi. 9, figs 5, 6. 

J869 Ogygia Selwynii (Salter); Morton : 15. 

.1873 Ogygia Selwynii (Salter); Salter pars : 23 [pars=M. selwynii]. 

V.1881 Ogygia Selwynii (Salter); Salter & Etheridge pars : 375, 380, 509; pi. 1 IB, figs 5, 5a [non pi. 9, 
figs 2-4, 4a, =M. selwynii]. 

v.1881 Ogygia Selwynii var. major Salter; Salter & Etheridge : 510; pi. 9, figs 5, 6. 

.1884 Ogygia Selwynii (Salter); La Touche : 56; pi. 1, fig. 21. 

.1931 Ogygia {Niobelia) selwyni (Salter); Whittard pars: 2^26 [non ref. on 237, - Megalaspidella 
whittardi Bates]. 

.1952 Ogygia selwyni (Salter); Jackson : 40. 

V.1964 Ogygiocaris selwynii (Salter); Whittard pars : 232; pi. 34, figs 7-13; pi. 35, figs 1-4, 6-9; pi. 36, 
figs 1-7; pi. 37, figs 2-1 1 [non pi. 37, fig. 1, =M. selwynii; nec pi. 35, fig. 5, 2 = Merlinia murchi- 
soniae; nec pi. 35, fig. 10, =^Asaphus" hybridus Salter]. 

? .1966 Ogygiocaris ? cf. selwyni (Salter); Whittington pars : 496; pi. 3, fig. 6 {non pi. 2, figs 9, 11-12; 
pi. 3, figs 1, 5, 7-9; pi. 4, fig. 16, =M. selwynii; nec pi. 2, figs 7, 10; pi. 3, figs 2, 10-11, = M. 
murchisoniae]. 

v.l969b Megalaspidella (?) murchisoniae (Murchison); Bates pars : 17 [non pi. 6, figs 1-6; pi. 7, figs 1-9; 
pi. 8, figs 1, 2, 5, =M. murchisoniae]. 

Diagnosis. Closely similar to M. selwynii except that cephalic doublure is broader, so that front 
end of eye is closer to paradoublural line; pygidial doublure wider, inner margin not parallel to 
pygidial margin, so that doublure has its greatest width exsag. 

Lectotype. GSM 59425, herein selected. Whittard (1964: pi. 34, fig. 3) figured one known syn- 
type of Ogygia selwynii var. major as well as an additional ‘possible syntype’ (1964 : pi. 34, fig. 4). 
We here select the former, an internal mould of an incomplete cranidium with partial right hand 
free cheek, from Mytton Flags, Whitegrit Mine, Shelve, Shropshire, as the lectotype of Merlinia 
major. 

Occurrence. This species is common in the Mytton Flags of the Shelve district (see Whittard 
(1964) for details). It has not yet been positively identified outside this area, but the cranidium 
figured by Whittington (1966 : pi. 3, fig. 6) from the Henllan Ash might belong to this species 
(see also above, under M. rhyakos). 

Discussion. For comparative remarks, see under M. rhyakos ^ M. selwynii and M. murchisoniae. 

Merlinia murchisoniae (Murchison 1839) 

(Fig. lOD; PL 9, fig. 8; PI. 10, figs 1-10; PI. 11, fig. 1) 

v*.1839 Ogygia Murchisoniae Murchison : 664; pi. 25, figs 3a-b. 

V.1854 Stygina {Ogygia) Murchisoniae (Murchison) Murchison : pi. 4, fig. 1. 

.1854 Stygina Murchisoniae (Murchison); Morris : 115. 

. 1 859 Stygina {Ogygia) Murchisoniae (Murchison) ; Murchison : 55 ; Fossils (10), fig. 4 ; pi. 4, fig. 1 . 
.1864b Stygina Murchisoniae (Murchison); Salter: 3. 

V. 1866a Stygina Murchisoniae (Murchison); Salter: 173; pi. 18, fig. 11. 

.1866a Asaphus^ sp. undetermined; Salter : pi. 25, fig. 4. 
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V.1872 Stygina Murchisoniae (Murchison); Murchison : 51 ; Fossils (1 1), fig. 4; pi. 4, fig. 1. 

.1873 Asaphus Menapiae Hicks; Salter: 23 [nom, nud,], 

.1873 Asaphus solvensis Hicks; Salter : 23 [nom. nud.]. 

.1873 Niobe menapiensis Hicks : 46; pi. 4, figs 1-9. 

.1873 Niobe solvensis Hicks : 47; pi. 4, figs 10-16. 

1886 Asaphellus menapiensis (Hicks) Brogger : 61-62. 

1887 Stygina Murchisoniae (Murchison); Nicholson & Marr:342, 343 [ = ‘gen. et sp. indet.’ 
Dean 1963 : 58; pi. 4, figs 2, 7]. 

1891 Niobe menapiensis Hicks; Woods : 148. 

1891 Niobe solvensis Hicks; Woods : 148. 

1895 Stygina Murchisoniae (Murchison); Elies & Wood: 247, 248 [ = ‘gen. et sp. indet.’ Dean 
1963 : 58; pi. 4, figs 2, 7]. 

1896 Asaphellus Menapiensis (Hicks); Brogger : 206, 210, 218. 

1896 Asaphellus Solvensis (Hicks) Brogger : 206, 210. 

\.1896 Stygina Murchisoniae (Murchison); Crosfield & Skeat : 531, 535. 

V. 1896 Ogygia marginata Crosfield & Skeat pars: 538; pi. 26, figs 19, 26 [non figs 13, 15-18, 20-25, 

— M. selwynii (Salter); nec fig. 14, —M. rhyakos sp. nov.]. 

1900 Niobe menapiensis Hicks; Reed : pi. 12, fig. 7. 

W. 1909 Stygina Murchisoniae (Murchison); Thomas in Strahan et al. : 15. 

1910 Niobe {Hemigyraspis) menapiensis Hicks; Raymond : 41. 

1910 Niobe {Hemigyraspis) solvensis Hicks; Raymond : 41. 

1930 Niobe menapiensis Hicks; Reed : 314. 

1930 Niobe solvensis Hicks; Reed : 314-5. 

1931 Ogyginus ? menapiensis (Hicks) Reed : 461-2. 

1931 Niobe ? solvensis Hicks; Reed : 461, 471. 

.1949 Niobe menapiensis Hicks; Edmonds : 61. 

.1949 Niobe solvensis Hicks; Edmonds : 61. 

.1952 Ogygia selwyni Salter; Jackson : 40. 

V.1964 Ogygiocaris murchisoniae (Murchison) Whittard pars : 238; pi. 38, figs 5-11, ? pi. 35, fig. 5 
[non pi. 37, figs 12, 13, nec pi. 38, figs 1-4, — Megalaspidella whittardi Bates]. 

V.1966 Ogygiocaris ? cf. selwyni (Salter); Whittington pars : 496; pi. 2, figs 7, 10; pi. 3, figs 2, 10-1 1 
[non pi. 2, figs 9, 11-12; pi. 3, figs 1, 5, 7-9; pi. 4, fig. 16, =Merlinia selwynii; nec pi. 3, 
fig. 6,1 = M. major (Salter)]. 

V. 1969b Megalaspidella (?) murchisoniae (Murchison) Bates: 17; pi. 6, figs 1-6; pi. 7, figs 1-9; 
pi. 8, figs 1, 2, 5. 



Diagnosis. Cephalic doublure and eye position like M. major; glabella apparently lacking 
terrace lines on frontal lobe, which is more expanded than in other species; cranidial section of 
lateral border furrow very short; palpebral lobes shortest in genus; hypostoma with fine terrace 
lines, sparser and less backwardly-bowed than on other species, posterior margin non-acuminate; 
pygidial doublure broad, with inner margin parallel to posterior pygidial margin. 

Holotype. GSM 18988 A, B (by monotypy), counterpart internal and external moulds of 
crushed cephalon with parts of 5 thoracic segments and associated pygidium (figd Whittard 
1964 : pi. 38, figs 5, 6; Bates 1969b : pi. 6, fig. 3). 

Type Locality and Horizon. Early Arenig, Bolahaul Member of the Ogof Hen Formation, 
old quarry on the Roman Road, Pensarn, Carmarthen. 

Other occurrences. In the Bolahaul Member, this species has been recorded from Roman Road, 
Pensarn (Iocs 6A, 6B, Survey loc. WA7), tip-heaps at Wenallt (loc. 9) and Allt Cystanog (Survey 
loc. EA3), water treatment plant excavations, Penddaulwyn fawr (loc. 12), Cilwaunydd (Survey 
loc. WA3) and Cablehill Farm (Survey loc. WAS). 

Description. Glabella typically with frontal lobe weakly laterally expanded, only nearly parallel- 
sided on smaller and distorted specimens; defined by weak axial and preglabellar furrows, former 
shallowing in region opposite palpebral lobe, but on compressed and distorted internal moulds 
(e.g. Bates 1969b : pi. 17, figs 1, 5) appears deep. Preglabellar furrow shallow but distinct. Glabella 
encroaches upon anterior border to reduce its width by about half. Poor preservation precludes 
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description of muscle impressions, but probably similar to those of M. rhyakos and M, selwyniL 
Occipital ring narrow (sag.), lozenge-shaped, defined by shallow, weak occipital furrow. 

Anterior and lateral borders broad, flat, weakly concave, maintaining constant width with 
exception of preglabellar section. Lateral border furrow shallow, broad, indicated by an abrupt 
change of slope rather than a furrow. Cranidial section very short, terminating in a shallow 
hypostomal pit not far in front of eye. Preocular facial suture divergent at 35°-55° (estimated) to 
an exsagittal line through y, which lies very close to axial furrow. Postocular suture defines broad, 
triangular postocular fixed cheek. Palpebral lobe ^ length of cranidium (compared with J on 
other Merlinia species) and close to axial furrow in a forward position, y and close to axial 
furrow, former closer than latter. Eye crescentic, its anterior part close to lateral border furrow. 
Field of free cheek as broad as lateral border, weakly convex. Genal spine broad-based, tapering 
rather rapidly backwards and extending as far as sixth or seventh thoracic segment. Posterior 
border furrow very shallow on free cheek, deeper on cranidium, its depth commonly accentuated 
by crushing (e.g. Bates 1969b : pi. 7, fig. 8). Doublure as broad as lateral border, narrowing in 
front of hypostoma, and weakly ventrally convex, with fine parallel terrace lines. 

Hypostoma slightly longer than wide, suboval. Posterior margin transverse to weakly back- 
wardly convex; anterior margin forwardly convex. Lateral border broad, widening gradually to 
a position opposite maculae. Lateral border furrow deepens slightly and widens backwards, 
where it meets broad, deep posterior border furrow. Lateral and posterior border furrows together 
form a rather flat-based U around median body. Maculae transversely elongated, close to posterior 
end of median body, opposite widest part of lateral border. Whole median body covered with 
fine, widely-spaced terrace lines, which all have a more or less constant backward convexity. 

Thoracic axis possibly comparatively broader than in M. rhyakos and Af. selwynii. Details are 
like those of these species, although the terrace lines on the distal parts of pleurae are much finer 
than in M. rhyakos. 

Pygidial length approximately 0*6 of anterior width. Axis moderately broad and of low con- 
vexity, defined by shallow, straight axial furrows, tapering fairly strongly backwards, axial 
furrows enclosing an angle of about 20°-25°. Ring furrows weak on dorsal surface, 10-12 rings 
indicated. Posterior tip of axis reaches close to or touches inner edge of border. Pleural fields 
anteriorly as wide, or marginally narrower or wider than border, with 6-8 pairs of ribs distinguish- 
able. Pleural furrows moderately deep and broad; interpleural boundaries marked by faint 



Plate 10 

Merlinia murchisoniae (Murchison 1839). Early Arenig, Ogof Hen Formation, upper part of Bolahaul 
Member. 

Fig. 1. Thorax and pygidium, internal mould. Roman Road section, Pensam. In 49536. x 2. 

Fig. 2. Pygidium, internal mould. Temporary section at water treatment plant, Penddaulwyn Fawr, 
loc. 12. NMW76.3G.5. x4. 

Fig. 5. Large pygidium, internal mould. Roman Road section, Pensam, loc. 6B (WX2). GSM HT275. 

X 1^. 

Fig. 6. Small, complete internal mould. Roman Road section, Pensam, loc. 6A (WX3). GSM HT254. 
x2i. 

Fig. 7. Incomplete thorax and pygidium, internal mould, showing well the broad doublure with terrace 
lines. Spoil from mine shaft, Allt Cystanog, loc. EX3. GSM HT233. x 2. 

Fig. 8. Hypostoma. Note distribution of terrace lines (compare Fig. 10). S of Ty-gwyn, 90 m N of loc. 
WX9. GSM HT277. x 3. 

Fig. 9. Free cheek, internal mould. Note wide doublure and hypostomal suture. S of A48, near Ty-gwyn. 
In 49520. 

Fig. 10. Hypostoma in situ on incomplete cephalon. Note pattern of terrace lines (compare Fig. 8). 
Roman Road section, Pensam. In 49533. x4. 

Merlinia murchisoniae (Murchison 1839). Early Arenig, Carmarthen Formation, Pibwr Member. 

Figs 3, 4. Small, incomplete pygidium in dorsal and lateral view. Note fine terrace lines on dorsal sur- 
face. Gian Pibwr, loc. lA. It 14052. x 5. 
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raised lines on specimens retaining cuticle. Border broad, weakly concave. Doublure as wide as 
border, its inner edge parallel or subparallel to margin. About 15 fine terrace lines are present. 

Much of the material of M. murchisoniae is too badly preserved to show details of surface 
sculpture, but the dorsal surface of cephalon and pygidium is apparently without terrace lines. 

Discussion. Whittard (1964 : 238) restricted this species to specimens from Pensarn, Ramsey 
Island and Shelve. Bates (1969b: 20) remarked that specimens from the last-named locality 
differed significantly from M. murchisoniae from the other localities, and referred them to a new 
species, Megalaspidella (!) whittardi Bates 1969. They are from the Upper Arenig, hirundo Zone, 
Tankerville Flags, stratigraphically higher than any of the others. We agree with Bates that a 
different species is represented at Shelve. The parallel preocular facial sutures (Whittard 1964 : pi. 
37, fig. 12; pi. 38, figs 1, 3), are like those of Megalaspidella kayseri Kobayashi 1937 (see Harring- 
ton & Leanza 1957 : 163; fig. 75 1, 3, 9) and Plesiomegalaspis [== Megalaspidella^ graffi (Thoral 
1946 : pi. 8, fig. 1), and we feel that whittardi can be placed in Megalaspidella, It is not known 
whether AT. kayseri and M. graffi have panderian openings and protuberances on the thoracic 
pleurae like M, whittardi (Whittard 1964 : pi. 38, fig. 4). They are absent in Merlinia species. 

Bates (1969b) included in M. murchisoniae specimens which we have placed in M, selwynii. 
More and better-preserved material than that available to Bates shows that two species can be 
distinguished, with different stratigraphic ranges (Figs 6, p. 237, 10, p. 263). M. murchisoniae is 
distinguished from M, selwynii principally by its broader doublure, shorter cranidial section of 
the anterior border furrow and posteriorly rounded hypostoma with sparser terrace lines. Speci- 
mens figured by Bates (1968 : pi. 12, figs 1, 2, 5, 6) from the Arenig Carmel Formation, Llanerchy- 
medd, Anglesey, as Ogygiocaris selwynii, and later (1969b : 17) placed by him in the synonymy 
of M, (?) murchisoniae, do not appear to belong to either of these species, and the combination 
of cranidial (glabellar outline, preglabellar furrow, anterior border) and pygidial (axial furrows, 
border) characters is at variance with those of both species as here defined. It is likely that a 
different species is present in the Arenig of Anglesey, but the extant material is insufficient to 
draw up its diagnostic characters. 



Family TRINUCLEIDAE Hawle & Corda 1847 
Subfamily HANCHUNGOLITHINAE Lu 1963 
Genus MYTTONIA Whittard 1955 
Myttonia cf. fearnsidesi Whittington 1 966 
(PI. II, figs 2-8) 

Material. Five specimens (NMW 75.45G.1-3, GSM JP4655-58), including two fairly complete 
cranidia from low in the Pibwr Member at Gian Pibwr (loc. IB), and one specimen (NMW 75. 
45G.4) from Pibwr Member, Allt Pen-y-Coed (loc. 5G). ‘Ghosts’ of trinucleids, possibly refer- 
able to Myttonia, have been found rarely in the Pibwr Member at Pibwr weir (loc. 21) and in Allt 
Pen-y-Coed (Iocs 5G, 5H). 

Description. Glabella simple, pyriform, showing beginnings of pseudofrontal lobe. On the larger 
cranidium (PI. 11, fig. 2) it is swollen anteriorly and slightly overhangs the fringe. The smaller 
cranidium (PI. 11, figs 6, 8) shows a small, remnant preglabellar field. Occipital furrow shallow, 
differentiating narrow occipital ring from remainder of glabella. Occipital ring badly preserved 
on our material, but appears to be backwardly pointed. Axial furrow broad posteriorly. Baculae 
present at its posterior end, and the larger specimen (PI. 11, fig. 2) has a prominent lateral gla- 
bellar lobe. Cheek swollen, on smaller specimen with trace of eye ridge. Cheek and glabella of 
the larger specimen have a distinct reticulate sculpture, and on the smaller specimen the cheek is 
pitted, the pits becoming finer towards the fringe. There is a small posterior fossula immediately 
adaxial to the narrow ridge joining the posterolateral corner of the cheek with the posterior border. 

Fringe rather narrow, sloping gently downwards and widening slightly towards the genal 
angle. Girder marginal. On the upper lamella I^ and 4 pits are situated in radial sulci. On the 
larger specimen these extend laterally close to the genal angle, while on the smaller one they are 
not evident except close to the sagittal region. On a lower lamella (PI. 1 1, figs 4, 6) li and U can 
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be seen in radial sulci as far as R19. Pits on the inner part of the fringe on both upper and lower 
lamellae have an irregular arrangement. 

Discussion. The Carmarthen specimens closely resemble M. feamsidesi Whittington 1966 from 
the Arenig Henllan Ash, Arenig area, Gwynedd (see Whittington 1966:494; pL 1, figs 1-6; 
Hughes, Ingham & Addison 1975 : pi. 1, figs 11, 12) in the number and arrangement of pits on 
the fringe. The cheek of M, feamsidesi, although not well preserved, shows obscure traces of 
reticulation (Whittington 1966 : pi. 1, fig. 4; Hughes, Ingham & Addison 1975 : pi. 1, figs 11, 12). 
With the small amount of material from the Henllan Ash and from the Pibwr member at our 
disposal, we are unable to be certain whether it is conspecific, since we lack sufficient well- 
preserved specimens, and thus designate the Carmarthen specimens M. cf. feamsidesi, 

M. confusa (the type species) (Whittard 1955 : 29; pi. 13, figs 5-6; non fig. 7, =Anebolithus 
simplicior (Whittard 1966) - see Whittard 1966 : 271, 276 and Hughes & Wright 1970 : 688 ; pi. 
127, figs 7, 10) and M. multiplex Whittard (1966 : 272; pi. 46, figs 8, 9; pi. 47, figs 2, 3) from the 
Arenig Mytton Flags of the Shelve district are both similar to M. cf. feamsidesi and M. feamsidesi, 
but have larger numbers of smaller, irregular pits on the inner parts of the fringe. Other parts of 
the exoskeleton of these species are unknown. 

Dr J. K. Ingham (verbal communication, December 1975) regards M. feamsidesi and M, cf. 
feamsidesi as advanced members of the Hanchungolithinae, with the glabella shape, the sim- 
plification of the fringe and the beginnings of the development of radial arcs tendencies towards 
early trinucleines such as Anebolithus and Incaia (cf. Hughes, Ingham & Addison 1975 : 555). 

B, Graptolites 

With the exception of Phyllograptus spp. from the Pibwr Member, all the graptolites in the Car- 
marthen Formation are dendroids, and all occur in the Cwm yr Abbey Member. Even here they 
are rare, confined to particular bedding planes, and probably for this reason they have been over- 
looked from the early Arenig succession of Carmarthen. Bulman {in Teichert 1970:36) has 
emphasized that most of the genera of Dendroidea are 'form genera’ based on gross rhabdosomal 
shape, and, while more details of thecal morphology are becoming known which might be the 
basis of a more refined taxonomy, these cannot be applied to the majority of species which are 
known from flattened or poorly-preserved material. A few details can be discerned on the Car- 
marthen species, but they are not sufficient to do more than assign them to established genera. 

Family DENDROGRAPTIDAE Roemer in Freeh 1897 
Genus CALLOGRAPTUS Hall 1865 
Subgenus CALLOGRAPTUS WM 1865 

Type species. Callograptus elegans Hall from the Levis Shale, Quebec, Canada. 

Diagnosis. See Bulman {in Teichert 1970:38) and the differential discussion of Skevington 
(1963: 12-13). 



Callograptus {Callograptus) cf. tenuis Bulman 1934 
(Fig. 12C) 

Diagnosis and Type data. Type material is from the Tankerville Flags (Arenig: Zone of Didymo- 
graptus hirundo) of the Shelve Inlier. The diagnosis of Bulman (1934 : 90) is followed here. 

Occurrence. In the Carmarthen Formation material of this species has been recovered from one 
locality in the Cwm yr Abbey Member on Cwm yr Abbey (loc. 16F). 

Material. Three partially complete rhabdosomes, BM(NH) Q5049-51, of which one, BM(NH) 
Q5049, is figured here. 

Description. Rhabdosome delicate, available material suggesting that it could be either flabelli- 
form or conical. Our material is preserved in a soft mudstone in partial relief, with the dorsal 
surface of the stipes uppermost, maximum axial length of available material 2*5 cm, although 
all material is incomplete. The stipes are 0-2 mm broad, a width that remains consistent over the 
whole rhabdosome, and are generally parallel, separated for the most part by a distance greater 
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than the stipe width itself, occasionally approaching more closely, lying side by side or even 
crossing over. One specimen (Fig. 12C) shows a rapid, near-proximal zone of branching, other- 
wise bifurcation is somewhat irregular, 2 mm or more apart, and not necessarily simultaneous 
in adjacent stipes. The dorsal aspect of the preservation of individual stipes presents an appearance 
closely similar to that figured by Bulman (1934 : text-fig. 43a), with the proximal parts of the 
autothecae and bithecae parallel to the stipe direction, with the stolothecal canal occupying a 
gently undulating course between. The preservation does not permit a description of the disposi- 
tion of the thecal apertures, although in dorsal aspect their spacing is similar to that of the type 
specimen. Dissepiments are apparently lacking. 

Discussion. The material from the Carmarthen Formation agrees closely with the type (and 
only) specimen of C. tenuis, but because details of thecal apertures cannot be discerned the identi- 
fication must be tentative. The thin stipes, with only one series of thecae adjacent at any one point 
indicate the assignment to Callograptus {Callograptus) rather than Callograptus {Pseudocallo- 
graptus). 

Subgenus PSEUDOCALLOGRAPTUS SkQwington 1963 
Type species. Callograptus salteri Hall, from the ‘Quebec group of Gros Maule, Quebec’. 

Callograptus (Pseudocallograptus) salteri Hall 1865 
(Fig. 12B;P1. 11, fig. 9) 

Diagnosis and Type data. Defining characters and locality data on the type and other British 
material are fully listed by Bulman (1934: 84); lectotype of C. salteri designated by Bulman 
(1967 : 94). 

Occurrence. A single specimen from the Cwm yr Abbey Member, Carmarthen Formation, in 
Nant y Glasdwr, loc. 3B. 

Description. Rhabdosome incomplete, preserved in a soft shale in three pieces which indicate 
a total length exceeding 5*5 cm. The incomplete specimen is acutely fan-shaped, but this may be 



Plate 11 

Merlinia murchisoniae (Murchison 1839). Early Arenig, Ogof Hen Formation, upper part of Bolahaul 

Member. 

Fig. 1 . Pygidium with three attached thoracic segments. Spoil from mine shaft, Allt Cystanog, locality 
EX3. GSM HT230. x 3. 

Myttonia cf. fearnsidesi Whittington 1966. Early Arenig, Carmarthen Formation, Pibwr Member. 

Fig. 2. Cranidium with some of dorsal surface preserved, showing reticulate sculpture on cheek and on 
posterior part of glabella. Note basal glabellar lobe and bacula. Gian Pibwr, loc. 1C (WX5). GSM 
JP4658. x9. 

Fig. 3. Incomplete ventral mould of lower lamella. Allt Pen-y-Coed, loc. 5G. NMW 75.45G.4. x 8. 

Fig. 4. Incomplete dorsal mould of lower lamella. Gian Pibwr, loc. 1C (WX5). GSM JP4656. x 10. 

Fig. 5. Small cranidium, showing pitted surface of cheek and glabella, short eye ridge, bacula and 
posterior fossula. Gian Pibwr, loc. IB. NMW 75.45G.la. x 12. 

Fig. 6. Ventral mould of same specimen as Fig. 4. GSM JP4655. x 10. 

Fig. 7. Latex cast of external mould of incomplete enrolled specimen. Gian Pibwr, loc. IB. 
NMW 75.45G.2b. x 12. 

Fig. 8. Latex cast of external mould of same specimen as Fig. 5. NMW 75.45G.lb. x 12. 

Callograptus {Pseudocallograptus) salteri (Hall 1865). Early Arenig, Carmarthen Formation, Cwm yr 

Abbey Member. 

Fig. 9. Fragmentary rhabdosome. Nant y Glasdwr, loc. 3B. Q5048. x 1 J. 

Palaeodictyota sp. Early Arenig, Carmarthen Formation, Cwm yr Abbey Member. 

Fig. 10. Incomplete rhabdosome. Nant y Glasdwr, loc. 3B. Q5047. x2. 
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misleading. The preservation is with the dorsal surface uppermost so that thecal apertures are 
obscured. It is clear, however, that as many as 6 thecae are present intertwined through any one 
stipe; these run along the stipe for a considerable distance, so that the thecal system is complex 
and single stipes are likely to contain more than one set of autothecae and bithecae side by side. 
Width of individual stipes generally about 0-5 mm, with a maximum of 0*65 mm. Thirteen such 
stipes occur within 10 mm in the distal part of the rhabdosome, and except distally, width between 
stipes is less than the stipe width itself. 

Stipes run more or less parallel, but are wavy, and this results in their touching one another at 
frequent intervals. Close examination usually reveals that true anastomosis does not occur at 
such points of contact, that is there is no interchange of thecae from stipe to stipe, but there are 
other examples where there is interchange of thecae or even fusion of two stipes. There are also 
very rare dissepiments in the distal part of the rhabdosome. This species thus has three ways of 
sharing support of adjacent stipes: by anastomosis, by contact without interchange of thecae, 
and by dissepiments. Where branching occurs it does so simultaneously, and at least 3 out of 4 
adjacent stipes undergo division. Frequency of branching not known proximally ; first and second 
sets separated by about 10 mm, second and third sets by 15 mm. Thecal apertures are only visible 
along one short section of stipe, but it is not clear there whether apertures of autothecae and 
bithecae are both present; if one side of the apertural surface of the stipe is present, as seems 
probable, then the thecae exposed would include autothecae and one series of bithecae. Of the 
total thecal spacing (27 in 10 mm) two-thirds (i.e. 18 in 10 mm) would be attributable to the 
autothecae. 

Discussion. The specimen from Carmarthen is preserved in a different way from those described 
by Bulman (1934 : 81-84; pi. 9, figs 1-7; text-figs 39, 40) from the Arenig of Whitesand Bay, St 
David’s, but similarities in proportion of stipes and branching habit are such as to make the assign- 
ment of the present specimen to C. salteri well-founded. The apparent impression of an acutely 
conical rhabdosome is misleading as Bulman (1934 : 82) notes, for fragments of complete speci- 
mens frequently display this appearance. The undulating appearance of the stipes of the material 
under discussion is more in accord with Hall’s (1865: 135) original description than with the 
material from Pembrokeshire. Distal spacing of stipes (13 in 10 mm), width of individual stipes, 
and the branching habit are closely comparable to the specimens from Whitesand Bay. C. 
hopkinsoni Bulman (1934 : 84; pi. 8, figs 1-5; text-fig. 41), which occurs with C. salteri in White- 
sand Bay, has broader stipes and correspondingly fewer stipes in 10 mm. Bulman (1934:85) 
mentions that C. hopkinsoni shows some specimens intermediate with Desmograptus cancellatus 
Hopkinson. The same applies to the present specimen of C. salteri^ which includes a number of 
anastomosing stipes, and even where stipes touch without anastomosis they present a desmograp- 
toid appearance. Bulman (1934 : 40) notes that Desmograptus occupies an intermediate position 
between Dendrograptidae such as Callograptus^ in which there is no interchange of thecae between 
stipes, and Acanthograptidae such as Palaeodictyota, in which such interchange is the rule. Such 
species as C. (Pseudocallograptus) salteri indicate the intergradational nature of such ‘generic’ 
distinctions. No doubt the desmograptoid condition is one which could be polyphyletically 
achieved. 



Family ACANTHOGRAPTIDAE Bulman 1938 
Genus PALAEODICTYOTA Whitfield 1902 

Type species. Inocaulis anastomoticus Ringueberg 1888. 

Remarks. Whitfield (1902:399) described Inocaulis ramulosus Spencer 1884 as a species of 
Palaeodictyota. He figured a specimen he identified with /. ramulosus showing anastomosing, 
broad stipes, which might be regarded as typical of Palaeodictyota as subsequently understood 
(Ruedemann 1947 : 269; Bulman in Teichert 1970 : 43). Unfortunately, Spencer’s original (1884 : 
pi. 6, fig. 1) specimen is quite different, and might with some justice be assigned to Inocaulis, 
However, Whitfield (1902) did not formally designate /. ramulosus Spencer as type species of the 
genus, and Ruedemann (1908 : 200) was accordingly free to designate Inocaulis anastomoticus 
Ringueberg 1888 as type species. This selection is particularly appropriate because the species 
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figured (mistakenly) by Whitfield as /. ramulosus may be more reasonably assigned to /. anasto- 
moticus (Ruedemann 1908 : 199-201). 



Palaeodictyota sp. 

(Fig. 12A;P1. 11, fig. 10) 

Occurrence. Cwm yr Abbey Member of the Carmarthen Formation, Nant y Glasdwr (loc. 3B). 
Material. A single specimen, with counterpart, BM(NH) Q5047a-b. 

Description. Fragmentary rhabdosome, almost 6 cm across, broadly flabellate, but possibly 
representing a segment of a flattened conical species like Palaeodictyota anastomotica. Proximal 
end of rhabdosome not present. Distal stipe width 0-4-0-5mm; proximally anastomosis is so 
frequent that transverse stipe width varies rapidly between 0-5 and 1-0 mm over a few millimetres 
of the stipe. Distally there are 9-13 stipes in 10 mm, with an average of 11. In the proximal, 
anastomosing part of the rhabdosome width of stipes generally exceeds the width of the inter- 
spaces. These are themselves highly variable, ranging from small, circular openings 0-5-0-8 mm 
diameter, to large, irregular ellipses with long axes parallel to the direction of propagation of the 
stipes, length exceeding 2 mm, but width invariably less than 1 mm. Seventy per cent of the 
interspaces fall in the range of length 1-2-T5 mm, width 0-5-0-6 mm. 

The specimen is preserved with dorsal surface uppermost, so that details of thecal apertures are 
obscured. Such details of thecae that can be seen show that interchange of thecae does occur at 
the junction between stipes proximally, that individual autothecae have a diameter of about 
OT mm, and that the stipes are composed of complex bundles of thecae running largely parallel 
to the direction of growth. One section of the distal part of the rhabdosome (PI. 11, fig. 10) shows 
a more regular, reticulate mesh structure reminiscent of Dictyonema\ the stipes here are less 
sinuous than those in other parts of the rhabdosome, 0-4-0-5 mm wide, and separated by inter- 
spaces of equal or slightly greater width. Furthermore, they appear to be connected by transverse 
‘dissepiments’ at intervals of 1 mm or less. There are indications, however, that these dissepiments 
are, in fact, thecate, that is they are a special case of the kind of anastomosis that occurs elsewhere 
on the colony. 

Discussion. Palaeodictyota is recorded by Bulman {in Teichert 1970: 43) as ranging from the 
Silurian to Devonian, this presumably excluding from the genus such Ordovician species as P, 
raymondi Ruedemann (1947 : 269; pi. 11, figs 21, 22; pi. 28, figs 10-17) and P. succulenta Ruede- 
mann (1947 : 269-270; pi. 29, figs 1-7), the former because its slender stipes and regular anastomo- 
sis are more suggestive of Desmograptus, the latter because its broad stipes and sparse anastomosis 
makes its affinities problematic. If the assignment of the species from the Carmarthen Formation 
to Palaeodictyota is correct then it is by far the earliest known occurrence. Certainly it is in close 
agreement with the type species (Ringueberg 1888 : 131 ; Whitfield 1902 : 399; pi. 53; Ruedemann 
1947 : pi. 29, fig. 16) in the irregular anastomosis of the stipes, although the elliptical interspaces 
on the type species are on average at least twice as long. The material at hand is not considered 
sufficient for the formal establishment of a new species. Although the anastomosing habit is 
comparable with that of Desmograptus, we have noted above that the type species of Desmo- 
graptus was probably derived from a Callograptus. The present species shows no indication of a 
Callograptus habit at the distal margin, this part of the rhabdosome either showing irregular 
bifurcation, or, over a restricted area, a Dictyonema-Wko, habit. Derivation of PalaeodictyotaAlko 
rhabdosome characters is possible from the more robust, rooted species of Dictyonema. 

Family DICHOGRAPTIDAE Lapworth 1897 
Genus PHYLLOGRAPTUS HslW 1858 

Type species. Phyllograptus typus Hall 1858. 

Phyllograptus densus Tornquist 1879 
(Fig. 12D) 

Diagnosis and Type data. The diagnosis of Monsen (1937 : 206) is followed here. The type 
locality of Tornquist (1879:447-448) is the Lower Didymograptus Shales of Skattungbyn, 
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Fig. 12. Graptolites from the Carmarthen Formation. A, Palaeodictyota sp. Q5047, Cwm yr Abbey 
Member, x 2. B, Callograptus {Pseudocallograptus) salted. Q5048, Cwm yr Abbey Member, x 2. 
C, Callograptus {Callograptus) cf. tenuis. Q5049, Cwm yr Abbey Member, x 2. D, Phyllograptus 
densus. GSM HT317, Pibwr Member, x4. E, Phyllograptus aff. angustifolius. SM A67996, Pibwr 
Member, x 2. F, detail of previous specimen, proximal end, x 4. Compare size of thecal apertural 
lips with those of P. densus at same scale. 
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Dalarne, Sweden, but a lectotype has not yet been selected for the species. Material from the 
Carmarthen Formation is not an adequate basis for attempting revision of the species or its 
synonymy. 

Occurrence. Two specimens, GSM HT317-8, 319, from the lower part of the Pibwr Member at 
Gian Pibwr (loc. IB). 

Description. The two specimens are not well preserved, but are believed to be undistorted, like 
other material from the Pibwr locality, and for reasons discussed below. The smaller specimen 
is the better preserved, with a length of 1 cm, width of about 3-3 mm; the larger specimen 
has a length of about 2-7 cm, width of about 5*5 mm. The length and width of the whole 
rhabdosome is scarcely to be regarded as an important character, as both change during growth 
and the manner in which this happens has not been investigated; Tdrnquist (1904) states that 
specimens up to 5 cm long are known. On the larger specimen thecal spacing is 13 in 10 mm; on 
the smaller 16 corrected for 10 mm distally. Rhabdosomes are fusiform, with maximum width 
in the mid-region. Few thecal details are visible, except that the thecae are subparallel over the 
mid-part of the stipe, curved, proximal inclination about 30°-40°. The smaller specimen shows 
well that the apertures are barely concave and that the denticles are short - consistently 0-2 mm 
on this specimen. 

Discussion. The most complete accounts of this species are by Tdrnquist (1904 : 11-14) and Mon- 
sen (1937:206-208). Tdrnquist emphasized the variability of specimens he included within P. 
densus, and indicated that there was an intergradation with P. angustifolius Hall. A population 
from the type locality (Tdrnquist 1904 : 13) shows thecal spacing varying from 1 1 to 16 in 10 mm 
with 70% having either 14 or 15 per 10 mm. The range 11-13 per 10 mm is given for P. angusti- 
folius from Quebec (Ruedemann 1947 : 315), although it is stated that the type horizon of this 
species at Point Levis, Quebec, is not known. Thus the smaller of the specimens from the Car- 
marthen Formation lies outside the range of variation (with regard to thecal spacing) of P. 
angustifolius and has the crowded thecae of P. densus. The same specimen also shows only slight 
concavity of the apertural thecal margins and short denticles, both deemed by Tdrnquist (1904 : 
13-14) to be characteristic of the species. Since the second species of Phyllograptus, following, 
from Gian Pibwr, has deeply excavated apertures, it seems unlikely that the apertural appearance 
of the present specimens is due merely to preservation. 

The question whether P. densus grades stratigraphically upwards into P. angustifolius can only 
be resolved by studying populations of both species in their type localities and adjacent strata. 
However, an angustifolius-WkQ species occurs as a contemporary of P. densus in the Pibwr Member. 

Phyllograptus aff. angustifolius Hall 1858 
(Fig. 12E, F) 

Discussion. A single specimen (SMA 67996) from the Pibwr Member (loc. IB) is discussed here; 
it is obviously different from P. densus, having a thecal spacing of only 9-10 in 10 mm distally 
(up to 12 corrected for 10 mm proximally). Preservation is good, and there is evidence that dis- 
tortion is not involved because a second fragmentary specimen lying at right angles to the speci- 
men figured here also shows similar thecal spacing; any tectonic extension of the complete speci- 
men would have resulted in crowding of the thecae of the other specimen. 

The proximal end (Fig. 12F) shows a number of details, although flattened. The angle between 
the sicula and first theca is acute; neither show well-developed denticles. Subsequent thecae on 
the two series displayed have excavated apertures, and the ventral extension of the thecal aper- 
tures into lip-like denticles is unmistakeable; these are 0*5 mm long. Interthecal septa of the first 
three thecae on each series curve downwards distally; subsequently they curve from a proximal 
inclination of about 30°-40° to become more or less transverse. At the distal extremity of the 
rhabdosome the thecae are overall slightly upward-directed. 

Both Holm (1895) and Bulman (1936) show the proximal end of P. angustifolius with sicula, 
downward-directed, flanked by thP and thH, all three without apertural lips as prominent as 
those on subsequent thecae, and disposed more or less in line. Our material from the Carmarthen 
Formation shows evidence of only two such apertures at the proximal end, suggesting that its 
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development was different from that of P, august if olius, sensu Holm and Bulman. Here it should 
be noted that the Scandinavian P. angustifoUus occurs in the high Arenig; the Welsh specimen 
is from the earlier part of the series. Holm (1895 : 345) gives the thecal spacing as 12-13 in 10 mm, 
greater than our specimen. In North America specimens identified with P, angustifoUus are 
recorded in the early Arenig in several localities (Ruedemann 1947; Berry 1960 : 57). In Texas the 
species apparently does not extend upwards into beds of hirundo Zone age into which its range 
extends in Europe. Hall’s original (1858) definition of P. angustifoUus as having thecae ‘about 
24 to the inch’, which indicates about 9 in 10 mm, agrees well with our specimen, but the exact 
horizon of Hall’s type material is not yet determined. All this suggests that more than one species 
is involved in P. angustifoUus as it has been understood, but the problems cannot be resolved 
without discussion of the type population. For these reasons we designate the Carmarthen 
Formation specimen with ‘aff.’, and recall Bulman’s (1936 : 44) caution that Phyllograptus may 
have ‘arisen from several different lines of descent’. 
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Porth Gain Beds 233 
Pricyclopyge 256, 259 
binodosa 256 
Protopeltura 248 
Psilocara 248 
comma 248 

Pseudocallograptus 282, 284; see Callograptus 
Ramsey Island 226, 230, 233 
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Raphiophorid Community 226, 238-40 
Raphiophoridae 242, 253-6 
Raphiophorinae 253-6 

Saltaspis 248 

Selenopeltis province 240, 253 
Silurian System 228 
Sphaerophthalmus 239 
stratigraphy 228 
Stygina Murchisoniae 276-7 
{Ogygia) Murchisoniae 276 
Systematic descriptions 241 

Tetragraptus Beds 228, 230, 234, 236-7. 
Tremadoc 227-8, 230, 233, 238 



Triarthrinae 242-50 
Triarthrus 242 
beckii 243 
caecigenus 242 
convergens 243 
papulosus 250 
parchaensis 250 
punctatus 243 
rectifrons 250 
thor 248 

trilobites 241-81 
Trilob us dilatatus 260 
243, 258 Trinucleidae 234, 280-1 
Tropidopyge 240 
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